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MCKIERNAN-TERRY 
Double-acting Pile Hammers 


provide a most effective and 
economical means of driving steel 
sheet piling and steel bearing piles. 
During-the reconstruction of 
The Fish Quay at Whitby, Larssen 
‘steel box piles up to 65 ft. 

long were driven by a No. 9B3 
McKiernan-Terry hammer 
suspended from a crane either 
vertically or at the correct rake. 
Authority: } 

Whitby Urban District Council 
Consulting Engineers: 

Lewis & Duvivier, London 


Contractors: 
J. G. Thompson & Sons, South Shields 
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JOHN THOMPSON 
DOUBLE PASS 


ECONOMIC BOILER 


This boiler is entirely self-contained, requiring no brickwork setting. The additional heating surface 
provided by the return pass of smoke tubes (shown by arrows in the illustration) above the corrugated 
furnace tubes, substantially improves the efficiency and allows of a smaller shell, occupying about half the 
space needed for a Lancashire type boiler of equivalent duty. 


The illustration shows an Economic Boiler equipped with 2 Thompson-Triumph Travelling Grate Stoker 
and with a Superheater. 
We make shell boilers of many types, and will be pleased to advise upon the choice and layout of a 


steam installation based upon individual requirements. 


JOHN THOMPSON (WOLVERHAMPTON) LTD. 
WOLVERHAMPTON 


JOHN THOMPSON (TRIUMPH STOKER) LTD. 
KIRKSTALL ROAD, LEEDS, 3 
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ANALYSIS OF AN ARCH DAM 


It is perhaps not surprising that some 
of the structures of the ancient world, like 
the Pont du Gard aqueduct for instance, 
which were conceived on purely utilitarian 
lines, are to-day revered as works of art. 
In these days, particularly when the 
technical requirements are most onerous, 
the civil engineer’s works reach even more 
surely into the artistic. The tenuous 
grace of the long-span suspension bridge 
results from the purest functional 
approach, and can be compared in daring 
and elegance with only one other class of 
structure. The appeal of the large arch 
dam is equally dramatic, and has the same 
rare qualities of mathematically inspired 
functional grace. Much is written about 
these arch dams; they immediately 
attract the interest and admiration of 
engineers, and the more that is learned 
about them, the more does the interest 
increase. Few British civil engineers have 
constructed such dams of any considerable 
size. Their critics say they are too con- 
servative, but that is, we have always 
maintained, unjust, and recent events con- 
firm our view. Opportunity for such 
achievement, for British engineers, can 
come only very rarely on some vast over- 
seas project. In this country our river 


valleys are comparatively modest and 
well-ordered, and the most common dam 





is the earth-fill structure, which modern 
technique has analysed and improved, but 
not replaced by anything more efficient. 
Thus it has only been in the last few 
years that an opportunity for building a 
major arch dam has reached the con- 
structional stage, with work in progress on 
the Dokan dam for the Iraq Development 
Board, whose consulting engineers are 
Messrs. Binnie, Deacon and Gourley. The 
dam will have a height of nearly 400ft 
and a crest length of 1170ft. Its upstream 
face will be vertical with a constant radius 
of 120m, and its thickness will vary from 
6-2m at the crest to 32: 5m where the arch 
merges into the thick block of concrete at 
the base. The structural analysis of the 
dam was described last week, on January 
17th, when the paper “ The Experimental 
and Mathematical Analysis of Arch 
Dams, with Special Reference to Dokan,” 
by Professor D. N. de G. Allen, Miss L. 
Chitty, Professor A. J. S. Pippard and Dr. 
T. Severn, was discussed at a meeting of 
the Institution of Civil Engineers. 

The stress analysis of an arch dam is an 
extremely complicated task. The best- 
known approach is probably the trial load 
method, as developed in the United States ; 
the method is notorious for the length and 
complexity of the computations involved. 
Simplified (the word is used only rela- 





tively) variants of the trial load method 
have been applied to arch dam analysis in 
Europe, where other theories have also 
been used, such as the inclined arch ring 
analysis, used chiefly in France, and an 
analysis based on the elastic theory of 
cylinders, which has been applied particu- 
larly to arch dams in narrow V-shaped 
valleys. Such analyses have been supple- 
mented by elaborate tests with structural 
models, and there has been a tendency in 
some cases to rely more on the models than 
on the theory. The method applied in last 
week’s paper breaks away from all these 
previous attempts, and is based on the 
relaxation method, which, as is well 
known, has been developed by work at 
Imperial College over a number of years 
and applied to various engineering prob- 
lems. Needless to say, a three-dimen- 
sional problem of such complexity had 
never before been attempted. To quote 
from the paper: “‘ The dam isa three-dimen- 
sional body and requires the determination 
of a three-dimensional stress system. 
Experience showed that the work was best 
carried out in terms of the three compo- 
nents of displacement at any point in the 
structure. Thus, once the displacements 
have been determined, values of the six 
stress components may be deduced 
directly from them. The displacements 
themselves are found by solving the three 
governing differential equations which 
result from substitution of the expressions 
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for the stresses into the equations of 
equilibrium for the point. These equations 
have to be solved, subject to stated 
boundary conditions, to determine values 
of displacements throughout the dam and 
the adjoining rock foundation.” The work 
also included a simplified analysis (the so- 
called “‘ tumbler” solution), in which a 
vertical section of the dam at its deepest 
part was considered as a portion of a com- 
plete cylindrical tube, thus reducing the 
relaxation problem to two dimensions. 
This analysis preceded the more exact 
three-dimensional one. Model tests were 
also carried out to obtain guidance on the 
behaviour of the dam and to check 
numerical results of calculations. Rubber 
models were used for these tests, which in 
themselves constitute a fascinating piece 
of research. The analytical work included 
investigations of stresses due to tempera- 
ture changes and earthquakes. 

The analysis of Dokan dam was based 
on a number of assumptions which, in 
effect, imply ideal behaviour of the 
material of the dam and its abutments, 
well below the elastic limit, and certain 
constructional precautions ‘such as 
thorough keying to foundation and abut- 
ment rock, and grouting in a specified 
manner to ensure monolithic arch action 
under water load. All analytical work 
must necessarily fall within a framework 
of this kind, but with these inevitable 


limitations, the Dokan analysis is probably 
theoretically more sound than any pre- 
vious work, and represents a distinct 


advance in structural analysis. The 
analysis was based on exact elastic equa- 
tions, and did not rely on arbitrary 
assumptions of behaviour, like the postu- 
late of cantilevers and arch rings on which 
the trial load method depends. It then 
proceeded, as with all relaxation work, 
by successive approximations to an 
answer of the required degree of accuracy. 
The results were presented, it may be 
noted, with accuracy commensurate with 
practical needs and the qualifying assump- 
tions of the analysis. Excessive numerical 
accuracy can be misleading in such cir- 
cumstances. It was also pointed out at 
the meeting (by Mr. Binnie) that the 
stresses for the interior of a dam had 
never before been computed, but had 
been given only by assuming linear stress 
distribution across the section. All these 
points can be seen in the paper, which 
expounds its theme with that clearness 
and directness of presentation which is a 
characteristic of first class research work. 
Since there is no similarity in shape 
between one arch dam and another, the 
Dokan analysis is particular to this one 
case. Nevertheless, the work has a more 
general value, and we understand that 
further investigation is being carried 
out to give a basic fund of information 
on arch dam design, so that future prob- 
lems can be solved more expeditiously. 
For instance comparison of the “‘ tumbler” 
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and the three dimensional analysis gives 
a measure of the errors likely in the 
approximate method, and, more im- 
portant, a correlation has been obtained 
between displacements as measured on 
the rubber models and stresses as calcu- 
lated by the three-dimensional analytical 
method. A word should also be added 
about the dam itself. Professor Allen 
remarked at the meeting that a thinner 
section than the one actually adopted 
combined with a curved upstream face 
(in fact a “cupola” dam) would have 
been adequate purely from the point of 
view of resisting the working loads. The 
dimensions of Dokan dam were, however, 
largely fixed by practical considerations, 
it was pointed out, and a vertical up- 
stream face was chosen because penstocks 
pass through the dam and there is no 
separate intake structure, which a cupola 
dam would require. Construction of the 
dam is at present in its early stages and is 
scheduled for completion in 1958. It 
has started its life well with theoretical 
‘“‘ abutments” of unequalled soundness, 
and we can confidently hope that in due 
course we shall be able to describe all 
those varied practical tasks of design and 
construction which must be diligently 
carried out in addition to the theoretical 
work, to complete a reliable engineering 
structure of such magnitude. 


SOVIET EXPANSION 

Last week details were issued in Moscow 
about the Soviet five-year plan to end in 
1960. Unlike many former plans this 
latest one included some actual figures of 
the production rates it is intended shall 
be reached instead merely of percentage 
figures: of increases above an unknown 
basis. The picture of Soviet industrial 
strength thus provided is quite startling. 
By 1960—and it may be presumed that 
the objectives of the plan will be reached 
—steel production will reach over 
68,000,000 tons a year, coal production 
nearly 600 million tons a year, and elec- 
tricity output some 320,000 million kWh 
per year. 
to be raised to 650,000 a year and between 
now and 1960 some 1,650,000 tractors 
and 560,000 combine harvesters will be 
made. By 1960 nuclear power capacity 
is to reach 2,000,000kW to 2,500,000kW. 
A concept of the meaning of those figures 
is given by comparing them on a per 
capita basis with similar figures for the 
U.S.A. and Britain. The comparison 
cannot, of course, be very precise as the 
Russian figures may be differently based 
from those of the U.S.A. and Britain, and 
not, therefore, strictly comparable. But 
on the figures given the Russian output 
of steel seems likely by 1960 to be 
approaching that of this country per head, 
though it will still remain far behind that 
of America. Electricity consumption per 
head in Russia in 1960 will exceed that 
of Britain in 1955 by some 25 per cent, but 


The rate of car production is ° 
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is likely to be below that of 1960, though 
not far below it. It will still be far below 
U.S. figures. In 1965, according to 
present plans, Britain will have up to 
2,000,000kW of nuclear power capacity ; 
but by 1960 Russia will have up t 
2,500,000kW capacity. The Russian plans 
provide for a 60 per cent increase in the 
national income. Presumably this figure 
must be distinguished from that of 
national production, for an increase of 
that order amounts to a stepping up 
cumulatively by 10 per cent each year, 
But real wages are to rise between 30 and 
40 per cent, corresponding to an increase 
in the rate of output of about 6 per cent 
annually, equivalent to a doubling of the 
standard of living not in twenty-five years, 
as Mr. Butler promised us a couple of 
years ago, but in twelve years ! 

It would be quite stupid to reject such 
figures as mere propaganda. For it js 
quite reasonable in the present inter- 
national situation that Russia should set 
out to become a highly industrialised 
nation able to compete in not too long a 
term of years on level terms with the 
United States. Nor will any attempts 
at secrecy hold back Russian development. 
For the scientists and engineers in Russia, 
it is more reasonable to assume than not, 
are as good as those in any other country, 
Nor can it any longer be assumed that 
there are fewer of them. For long it 
has been part of Soviet policy to ensure 
that large numbers of technologists and 
scientists should be trained. There is 
already evidence to suggest that the 
output from Soviet schools of higher 
education exceeds that of the whole 
non-communist world together. Nor can 
it be assumed with any safety that the 
quality of men so trained falls below that 
of men trained in the West. In a recent 
broadcast, Sir Francis Simon, professor 
of thermodynamics at Oxford, was at 
pains to mention that the Soviet scientists 
he had met were of “ excellent ” quality. 
Indeed, the quality of scientists and tech- 
nologists in Russia needs to be high, for 
they have great problems to solve. One 
of them, for example, is that of tapping 
Siberian sources of water power and 
transmitting the energy over distances up 
to 2000 miles to points of usage, and they 
plan to interconnect the power systems of 
the Far East, the North, and European 
Russia. The aim, not yet planned in 
detail, is to reach an output of 12,000,000 
million kWh per year by the end of the 
present century, equivalent, allowing for 
an increase in the population, to about 
40,000kWh per head, as compared with 
1500kWh per head in Britain in 1955. 
It is clear that unless Britain resolves upon 
an industrial expansion at a corresponding 
pace then by the end of this century her 
standard of living, once the highest in the 
world, will have fallen behind not only 
that of the United States, but of Russia, 
too ! 
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Refugee Scientists and British Atomic 
Research 


Tue contribution which refugee scientists 
are making to British atomic research is 
referred to in a report, entitled The Positive 
Contribution Of Immigrants, which has been 
published by H.M. Stationery Office for 
Unesco. Many of the scientific activities 
which have been influenced by alien immi- 
grants since 1933 are mentioned, and there 
is reference to the professorial chairs at British 
yniversities occupied in recent years by 
immigrants. Immigration into the major 
recipient countries over recent years has 
amounted to between 500,000 and 750,000 
people a year. In addition to noting the 
contributions made by refugees to science and 
the arts, the report also mentions that in the 
Welsh development area there are eighty- 
seven “ refugee firms ” giving direct employ- 
ment to almost 7000 people. The report 
says that there have been “ striking successes 
by immigrants in the chemical industries, oil 
refining and metallurgy,” because in most 
cases the newcomers introduced new ideas or 
specialised in branches of their trade which 
had been neglected in Britain. Some failures 
and misfits proved a liability, the report adds, 
but on balance the British policy of admitting 
selected industrialists has yielded high 
dividends. 


Swedish Bus Operation 


On January 19th a paper was presented to 
the Institute of Road Transport Engineers by 
Mr. Carl Hammarskjold on the subject of 
the development of road passenger transport 
vehicles in Sweden, and Stockholm in 
particular. After introducing the scene of 
operations, the lecturer illustrated the in- 
fluence of restricted axle loading in evolving 
long single-deck vehicles : since length and 
the carriage of standing passengers were less 
severely limited, double-deckers had never 
been used. The disadvantages of underfloor 
engines in floor height and access for main- 
tenance had led to the adoption in Stockholm 
of vertical transverse rearward engine loca- 
tions, with the passengers boarding beside the 
driver, allowing one-man crews. On the 
recent vehicles all services, even the radiator 
shutters, were hydraulically operated. The 
scarcity and high cost of labour had led to 
highly organised and mechanised main- 
tenance procedures ; however, the sulphur 
content of diesel fuel was tending to increase, 
and fuel quality was lagging behind engine 
development. Oils to S.A.E. 20W-20 were 
used throughout the year. Garage space 
was difficult to provide, but outdoor storage 
occasioned severe deterioration and im- 
possible servicing conditions. In answer to 
questions, Mr. Hammarskjold mentioned 
that only water was used in the cooling 
systems ; terminal stops were kept short and 
engines left idling. Nevertheless, batteries 
lasted but a year. 


Improvement Scheme for Inland Waterways 


Tue British Transport Commission has 
announced plans for the expenditure of 
£5,500,000 on the improvement of inland 
waterways. 
wards inland waterways was given in a report 
published last year, details of which were 
published and commented upon in THE 
ENGINEER of April 22, 1955. It may be re- 
called that the Commission considered that 


The Commission’s policy to- . 
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A Seven Day Journal 


some 300-odd miles of waterways had 
sufficient commercial prospects to justify 
development, 994 miles were to be retained, 
and 771 miles were considered not commer- 
cially worth while for navigation. Subse- 
quently, initial developments involving ex- 
penditure of £500,000 were announced in 
certain “ traffic”’ facilities on the favoured 
sections, as a preliminary measure, which 
has now been followed by the present schemes. 
It is envisaged that £3,345,000 will be spent 
on bank protection (steel or concrete piling) 





100 Bears Ago 
The Engineer 


(JANUARY 25, 1856) 


WHo IS BENEFITED BY INDUSTRIAL 
IMPROVEMENTS ? 


“The individual producer is clearly 
not benefited by the unproductiveness 
of other trades than his own ; on the 
contrary, he has a manifest interest in 
reducing the amount of labour neces- 
sary to produce everything he wishes 
to have in exchange for his own labour 
to a minimum.... He is therefore 
directly concerned in every step of pro- 
gress which is made towards the abridge- 
ment of the cost of production ; for 
every such step adds virtually to his own 
capabilities of purchasing exactly as if 
his own labour had by some new 
facility become so much more effective : 
he procures so much more in return for 
a given quantity of his own manu- 
facture, or he buys so much more of the 
article with the same amount of 
money. ... 

“If this view is correct, it follows 
that every individual is immediately 
interested in extending that power 
which we are still in progress of 
acquiring over Nature, and thereby of 
increasing more and more the capa- 
bilities of production in some useful 
direction. He is interested in all 
improvements by which a _ greater 
quantity of any commodity can be pro- 
duced with the same amount of labour, 
or the same quantity with less labour, or 
by which the processes of manufacture 
may be so abridged as to be effected 
at less cost. He is interested in the 
invention of new methods, better tools, 
more efficient engines, quicker sailing 
ships, increased facilities of trans- 
ference, better roads ; in short, every 
one has a direct and personal interest 
in promoting economy of labour. 
Such is the law of civilised society, in 
which the separation of employments is 
a condition; in which nobody is 
independent, and all are mutually con- 
cerned in the well-being of all.” 











and navigation improvements such as dredg- 
ing and widening ; specific projects, such as 
locks, will involve spending £1,105,000 ; 
£636,000 is to be spent on dredging craft and 
plant ; and £414,000 on improving work- 
shops and repair yards. These improvements 
will be carried out overt 325 miles of canals, 
viz: the Aire and Calder Navigation, the 
Sheffield and South Yorkshire Navigation, 
the River Trent, the River Weaver, the 
Grand Union Canal (below Berkhamsted), 
the River Lee (below Enfield lock) and the 
River Severn (including the Gloucester/ 
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Berkeley Canal). Traffic on these waterways 
has increased since 1949, the Commission 
states, and although they represent only 15 per 
cent of the total mileage of inland waterways, 
they carry two-thirds of the total traffic of 
about 12 million tons a year. 


Lloyd’s Shipbuilding Returns 


LLoyp’s REGISTER OF SHIPPING has issued 
its shipbuilding returns for the quarter ended 
December 31, 1955. Work in hand is repre- 
sented by 361 steamships and motorships 
of 2,226,190 tons gross, of which 113 ships 
of 722,410 tons were fitting out afloat and 
248 ships of 1,503,780 tons were still to be 
launched. During the quarter, 72 ships of 
408,555 tons were commenced, 74 ships of 
462,945 tons were launched, and 56 ships 
of 337,701 tons were completed. Of the 
total tonnage under construction in this 
country some 104 ships, representing 757,599 
tons, or 34-0 per cent, are for registration 
abroad. Oil tankers building amounted to 

1 ships of 941,825 tons gross, which was a 
decrease of 52,138 tons compared with the 
previous quarter and represented 42:3 
per cent of the tonnage being built. A 
total of 1091 steamships and motorships of 
4,386,451 tons was in hand abroad, excluding 
China, Poland and Russia, and represented 
an increase of 247,809 tons compared with 
September. Workin hand throughout the 
world amounted to 1452 steamships and 
motorships, representing 6,612,641 tons, 
of which 33-7 per cent was being built in 
Great Britain and Northern Ireland. The 
total is an increase of 326,942 tons over the 
previous quarter. The world total of oil tankers 
amounted to 212 ships of 2,627,756 tons, or 
39-7 per cent of the total tonnage under 
construction, and represented a decrease of 
155,242 tons compared with September. 
Of the world. total of ships being built some 
4,161,588 tons, or 62-9 per cent, are under 
the inspection of Lloyd’s Register. 


Mr. Edward Stanley Byng 


WE regret to have to record that Edward 
Stanley Byng, vice-chairman of Standard 
Telephones and Cables, Ltd., died at his 
home in Purley, Surrey, on January 13th, at 
the age of seventy-two. He was born in 
Derby in 1883 and gained his technical 
education at Derby School and University 


College, Sheffield. In 1909 he became 
design engineer for London’s  under- 
ground cable development schemes. Two 


years later when the National Telephone 
Company was taken over by the General 
Post Office he transferred to the G.P.O. staff 
as chief inspector, responsible for plant 
studies and estimates. In 1913 he joined the 
Western Electric Company (which is now 
Standard Telephones and Cables, Ltd.) as 
engineer in charge of telephone cable con- 
tracts. During the first world war his 
activities were extended to include telephone 
installations for munitions factories, until 
1917, when he took charge of hydrophone 
installations at Portsmouth and was loaned to 
the Admiralty as technical adviser on submar- 
ine detection. On his return to the International 
Western Electric Company he ' became 
responsible for carrying out some important 
trunk telephone cable installations on the 
Continent between 1921 and 1928. In 
October of that year he was appointed 
managing director of Standard Telephones 
and Cables, Ltd., and in 1933 he was made 
vice-chairman of the company. Mr. Byng, 
who was a member of the Institution of 
Electrical Engineers, had served as _ its 
honorary treasurer and on various committees. 





THE ENGINEER 


Marine Reduction Gearing 
By A. W. DAVIS, B.Sc. 
No. I 


At the Institution of Mechanical Engineers last Friday, Mr. A. W. Davis, who 
is deputy managing director, Fairfield Shipbuilding and Engineering Company, 


Ltd., Glasgow, presented the twenty-eighth Thomas Lowe Gray Lecture. 


We reprint 


here the greater part of the Lecture exclusive of appendices that accompanied it. 


REQUIREMENTS OF A MARINE REDUCTION 
GEAR 
HE development of the double-reduction 
gear and the establishment of higher 
steam conditions necessitating fast running 
and relatively compact turbines has rendered 
the single-reduction gear obsolete except for 
such cross-channel vessels, etc., in which two 
turbine casings may be preferred to the single 
casing with locked train design of gears. 
Articulated gears are commonly employed 
having separate primary and secondary units 
connected by a quill shaft, which in earlier 
designs worked through two sets of flexible- 
toothed couplings, one at the forward end of 
the primary wheel and the other at the aft 
end of the secondary pinion. Later, the 
forward coupling was replaced by a solid 
flanged unit, and the arrangement was some- 
times properly referred to as semi-articulated. 
In some designs only the secondary pinion 
was hollow and the correspondingly shortened 
quill shaft provided reasonable flexibility. In 
the latest Pametrada designs both sliding 
couplings are replaced by bolted flanges, the 


quill shaft providing sufficient bending flexi- 
bility to accommodate ahead and astern 
alignment of the secondary pinion and 
primary wheel units. The arrangement will 
doubtless continue to be known as an 
“* articulated gear.” 

Locked train gears call for particularly 
accurate construction to maintain uniform 
division of load between the divided trains, 














SECTION NORMAL TO TOOTH. 


p; Pitch fitted (if differing from desirable or theoretical pitch). 
o Helical angle. ‘vp Pressure angle in transverse plane. 
z Tangential length of contact zone in transverse plane. 


Fig. 1—Symbols for tooth dimensions 


Symbols 


Symbol 





Used only for | 
convenience 
of expression 


Having 
permanent 
application 

in detail 


Having 
application 
in final 
conclusions 


Gear proportions : 


: Meaning 
(Ib-in units unless otherwise stated) 


Breadth of one helix 
D Pinion P.C.D. 


D. D [gear ratio/(1 + gear ratio)] 
G Gap between helices 
Moment of inertia of pinion section 


Ww 


Bearing dimensions : 


D, | Journal diameter : 
Diametral bearing clearance in '/;o99in 


d | 
Loads, forces and pressures : 


4 (effective length between pinion bearing centres) 
2xB 


Theoretical optimum value of W for minimum load concentration 


Reaction on one pinion bearing 
P Average tangential load per inch gear face (based on (W— 2) inches) 
Bearing pressure on projected area 
Pressure in oil film between teeth 
Maximum value of P 
P converted to force normal to tooth 


Stresses : 


Hertzian stress (conventional) 

Hertzian stress (see Appendix XII) 

Root bending stress 

U.T.S. of pinion material, tons per square inch 


Speeds : 
N 


Pinion speed, r.p.m. 
Tooth sliding speed (relative) 


Tooth rolling speed (relative) 


Criterion numbers and factors : 
Cc 


Cp Ca 


Gear loading C factor, ’ indicates incorporation of material constants 
Pinion distortion multiplying factor (about 1-0 for well-designed gear) 
Criterion of Martin oil film pressure 


Criterion of Hertzian stress 


Cp’, kp kp” 
Cr’, kr kp” < 
Cs’, ks ks” fy | | 


( Criteria of pitting, root stress, and scuffing respectively 


ical Zz 3 ‘ ae ©} ” indicates use in particular comparison 


Cmp Material constants representing effect on resistance to pitting, root fatigue, and 


Cor 4 
Cos 


K 
Common symbols used in mechanics : 


EKA 


Sundry functions and coefficients : 


cam 


Spsn. Opst 
5un. SHT 


Say 


Poisson’s ratio 
Viscosity (relative) 


scuffing respectively for materials other than current standard materials 
Conventional K factor P/D, 


Modulus of elasticity 
2-718 


Local significance (Appendix III) 
Local significance (Appendix III) 
Local significance (Appendix III) 
Normal and tangential deflections of a pair of teeth due to bending and shear 
Normal and tangential deflections of a pair of teeth due to Hertzian compression 
Combined tangential tooth deflection, inches per pound per inch load 
Thickness of oil film between teeth 
Local significance (Appendix II) 
Local significance (Appendix IV) 
| Effective length of loaded oil film between teeth 


Tooth proportion factor for estimation of 57 


«> 


Local significance (Appendix IIT) 
Local significance (Appendix III) 


Root fillet stress raiser 
Stress modifier for helical teeth 
Function of helical angle that affects root stress 


Function of tooth form (equal to 1-0 for consistent series) 
Function of angularity of line of contact as it affects tooth deflection 
| Local significance (Appendix III) 





Tooth proportions and angles, sce Fig. | 


Jan. 27, 1956 


their adjustment being by the selection of 
relative interlocking positions of primary 
wheels and couplings or secondary pinions 
through the medium of differing numbers of 
teeth. For average-sized gears of two 
turbines per shaft the complication is yp. 
economical, but for large power transmission 
it enables unwieldy elements to be avoided 
and at the other end of the scale it is particy. 
larly applicable to small-power single-turbine 
installations in which the adoption of only a 
single train would represent uneconomical 
use of the main wheel face. 

Fundamentally a gear must be of the 
smallest size to meet the circumstances of 
operation consistent with economical pro- 
duction. Any saving in size beyond this 
limit is rarely justified in merchant practice, 

It is implied that adequate consideration js 
given to factors amplifying the nominal |oad- 
ing, which must be assessed conservatively 
in relation to any proved test bed loads, 
having regard to service conditions which can 
involve disturbance to alignment, torsional 
vibration and shock loading of the teeth, 
which can be particularly severe if the 
machinery is placed aft in the vessel. 

The gearcase must be of very rigid con- 
struction to maintain, so far as possible at 
sea, an alignment which must be closely con- 
trolled under manufacture. The gearcase 
seating must be of generous stiffness having 
"7d regard to torsional flexure of the 
hull. 


MACHINING AND FINISHING OF GEAR 
TEETH 


The emergence of the British Standard 
Specification B.S. 1498 : 1948 virtually ended 
the spate of comment on interim achieve- 
ments and of controversy regarding what was 
necessary for accuracy for the equipment to 
hob marine gears, the required accuracy for 
the gears themselves being later defined by 
B.S. 1807 : 1952. Those who had not already 
achieved these requirements were confronted 
with the need to rebuild or replace their 
machines and it is understood that new 
machines being marketed, by and large, meet 
the specification. 

These new machines are mostly of the non- 
creep type, which has been improved greatly 
in principle by the adoption of small-pitch 
worm gears driving the main table. This 
fact has given the impression to many 
interested people, including some of the 
buyers, that the creep table invented by Sir 
Charles Parsons is outmoded. Actually the 
production of an accurate creep table is so 
costly as to be uneconomical when compared 
‘with the direct drive, but when that accuracy 
is achieved the equipment enables production 
of what may be an even higher-quality gear, 
in that an error is obviated that has an 
objectionable characteristic, however small 
that error may be. The error in question is 
produced by the inevitable cyclic irregularity 
of the worm, and manifests itself in axial 
bands of pitch variations which have too 
long a wave to be shaved out, and which can 
phase between wheel and pinion to cause a 
shriek. In a creep-cut gear this same inevit- 
able error is distributed in such a manner that 
no shriek is likely to be produced, and is in 
any case of such a character that it can be 
eliminated by a subsequent shaving process. 

B.S. 1498 : 1954 calls for a minimum cyclic 
worm to worm wheel tooth error of 0-003in. 
Such a limit to-day can be readily achieved 
and if it is regular in its characteristic from 
tooth to tooth, can be reduced further by 
implanting an error of reverse characteristic 
in the gear driving the worm shaft, to give a 
total effective error of no more than 0-0001in. 
If the master worm wheel has been split 
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a—Arrangement. 


Fig. 2—Device for setting to lower wheel journal on hobbing machine 


circumferentially and the parts displaced 
relatively to minimise cumulative-pitch error, 
such regularity in the worm error character- 
istic is upset, depending upon whether the 
upper or lower part of the wheel is in imme- 
diate mastery ; in such circumstances further 
compensation of the “duo cyclic” error is 
impossible. The moral is that splitting does 


a—After hobbing. 





no more than transfer error from. one source 
to another. 

In the hobbing process it is understood 
that there are still gear cutters who set up to 
the periphery of the blank rather than to the 
journals. The former arrangement leads to 
a better cumulative pitch measurement in the 
case of the wheel if, as is usual, the pitcho- 


b—After shaving. 


Fig. 3—Interferogram of gear-tooth surface 


a—Shaliow side ribs, 


ig. 4-Ribbed gearcase 


meter bears on the periphery, but the latter 
is basically more correct. An instrument for 
achieving the measurement satisfactorily on, 
say, eight consecutive positions of the lower 
journal of a wheel is shown in Fig. 2(a) and 
(b), the latter being a close-up of its inner end 
incorporating magnets which just clear the 
journal (and from which, in the illustration, 
the keeps have not been removed). The 
custom is not yet universal to finish-cut both 
helices of an element with the head or table 
rotating in the same direction so that even 
minor pitch variations are reproduced in 
phase in the two helices, thus obviating pinion 
shuttle, however small, and the relatively 
large variation in tooth loading necessary to 
produce it. 

The setting of the hob, not being an 
integral part of the machine, provides a 
source of error which must always be 
watched. If a gear is to be left unshaved it 
is even more imperative, if tooth profile is not 
to be ruined, that the eccentricity should not 
exceed 0:000lin. The positioning of the hob 
on the spindle has been the subject of mis- 
understanding. The taper on a roughing hob 
is sO positioned as to distribute the load over 
as many cutting edges as possible ; but, 
regardless of the tooth not being to full 
depth, it never properly contours an involute. 
For this reason taper on a finishing hob is not 
permissible. 

Vital improvements have been made quite 
recently in the production of high pitch 


b—Deep side ribs, 
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accuracy in leadscrews, and a limiting error 
of 0-0002in in 30in may now be obtained. 

Even with such accuracy a degree of 
selectiveness is still likely to be required in 
any subsequent shaving ; that is, the infeed 
of a single-sided cutter is varied in traversing 
the pinion face to give a proper adjustment 
of marking in the meshing frame. It is this 
consideration, and also the difficulty of 
hobbing a correct tooth profile, that necessi- 
tates a post-hobbing process in the production 
of a first-class gear. By the same process it is 
convenient to relieve bearing from the ends 
of the teeth, thus obviating handwork, and 
minor hobbing undulations are reduced to 
the extent shown in Fig. 5, which reproduces 
typical Tomlinson undulation records before 
and after shaving. 

Where the hobbing machine calls for 
kinematic precision under temperature 
control the shaving process can, subject to 
avoidance of quick variation in temperature, 
be carried out in an open shop but calls for 
the most minute attention to shaving cutter 


a—Before shaving. b—After shaving. 
Fig. 5—Tomlinson undulation records 


design and manufacture, particularly as to 
profile finish. It must not be regarded as a 
method of correcting a badly hobbed gear, 
and it is the case that in inexperienced or 
careless hands there is no quicker way of 
mutilating a good gear than in a shaving 
machine. 

For this reason it can be misleading to 
accept as a universal truth records of measure- 
ment or performance of particular shaved 
gears. Shaving has, because of particular 
incidents, been suspected of prestressing the 
tooth surface, and this could probably be 
brought about by a wrong technique. The 
surface finish produced by the shaving pro- 
cess has also been open to doubt and inter- 
ferometric photographs have been published 
(Dyson, 1954)* demonstrating damage to 
tooth surface with inferences reflecting 
upon the whole process. 

To restore a balance of outlook on this 
highly scientific approach, Fig. 3(a) and (5) 

* An alphabetical list of references is given in Appendix XIII 
of the lecture. 
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Fig. 7—Primary gear-meshing frame 


is included to show interferograms of a 
typical production gear before and after 
shaving, and lacking the implied character- 
istic. The overall magnification of the 
photographs is about forty times, and it will 
be seen that while surface errors in excess of 
the fringe separation value of 0-00013in 
are present after hobbing, the surface dis- 
crepancy after shaving is generally less than 
one-quarter this amount. In simpler vein, a 
practical verdict on the merits of the shaving 
process may be reached after studying the 
performance of selectively shaved gears 
during ten years of operation. 

Shaving may be substituted by lapping 
with abrasive under most carefully controlled 
conditions. This is a correcting process, 
which is the more satisfactory the less there is 
to correct ; it reflects a principle perhaps 
found at the peak of its usefulness in the 
functioning of an extreme pressure (E.P.) 
lubricant to which reference will be made 
towards the end of the lecture. 


PRODUCTION AND MAINTENANCE OF 
Goop ALIGNMENT 


The provision of adequate stiffness in a 
typical primary gearcase presents no diffi- 
culty, but a generous number of well-fitted 


bolts must locate the cover, which usually 
carries the pinion, to the main body of the 
gearcase. 

The secondary gearcase is a different 
problem. The cover cannot be regarded as 
contributing to stiffness and the gearcase is 
in effect an open-topped box with quite a 
slender bottom as represented by a flexible 
hull structure. The one form of distortion 
which the hull can prevent is the collapse of 
the horizontal rectangle of the base of the 
gearcase, but the walls of the gearcase must 
be capable of preventing any tendency to 
collapse at the top. The walls must likewise 
strongly resist the most serious distortion the 
hull will attempt to apply by its torsional 
flexure about a fore-and-aft axis. 

This necessitates (i) heavy ribbing of end 
walls, (ii) heavy ribbing of side walls, (iii) 
horizontal breadth of corner ties between (i) 
and (ii), and (iv) massive construction, includ- 
ing numerous well-fitted bolts for removable 
panels admitting main wheel. 

Attention is usually given to (i), the bearing 
housings more or less dictating the design, 
but (ii) often receives less detailed attention 
(compare Fig. 4(a) and (5)), which infers that 
(iii) tends to be overlooked ; (iv) is frequently 
neglected and it would sometimes seem that 
the designer’s only concern has been the 
maintenance of oiltightness. 
~ When these features receive adequate atten- 
tion the gearcase is sufficiently strong not 
only to maintain its shape, however it may 
be supported, but to resist, without unaccept- 
able distortion, the twisting which the hull 
may apply in a seaway. The long-standing 
question follows, why then provide more than 
three local supports for the gearcase so that 
it might be freed of the consequences of hull 
distortion ? Surely the answer lies with 
every example in an assessment of whether 
the seating can contribute more stiffness than 
distortion. If the seating is to be effective it 
must continue in depth what is in effect the 
double-box section of the gearcase with 
heavy corner tying, all corresponding to 
(i), (ii), and (iii) above. Most seatings 
can be said not to conform altogether 
‘with these requirements, but there is a 
natural hesitancy to place faith in an inele- 
gantly overhung gearcase, particularly having 
regard to the dead load of half a low-pressure 
(L.P.) turbine and part of a condenser and its 
water. It is quite certain that the fore-and-aft 
length of the seating should always be kept 
as short as possible, and the turbine supports 
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should be in the shape of brackets providing a 
minimum Of leverage by which the hull may 
distort the gearcase. 

There is on record experience with one 
ship having machinery aft, coming in for 
renewal of the secondary gears ; alignment 
was verified as correct before dismantling, 
yet after the panels had been removed above 
the main wheel bearings a twist occurred, 
which affected pinion alignment by 0-012in 
and which could only be corrected by altering 
the chocking +0-020in. This was clearly an 
example in which the gearcase was sufficiently 
rigid, at least under a static condition “to 
resist the twist applied by the structure of the 
ship which found itself.” 


The reference made to unacceptable dis- 
tortion raises the obvious question of what 
js acceptable. A following section deals 
quantitatively with this vital subject and 
shows how the effects of load concentration 
to malalignment are modified by other con- 
siderations. A study of those remarks 
should serve to emphasise that while a gear 
must be designed to accommodate, in the 
limit, a bearing alignment error of, say, 
0:005in, it is imperative that initial alignment 
be controlled to a much finer limit so that 
additive effects are virtually eliminated, and 
so that such errors arising are literally beyond 
the manufacturer’s control. It must also be 
recognised that the worst of storm effects are 
met at reduced power, and are not generally 
of a character to impose stresses of such 
repetition as to prejudice a factor of safety 
based on fatigue stress. The contention that 
accurate alignment is unnecessary because of 
the unknown strains set up at sea is untenable 
and is only a little less outdated than the 
arguments that sought to justify the errors of 
hobbing sometimes existing prior to the issue 
of B.S. 1498. 

The bearing of the teeth must be the final 
test of alignment on board, and no difficulty 
is experienced if the gears have been pre- 
viously selectively shaved to suit the meshing 
in a precisely aligned frame of rigid propor- 
tions, such as shown by Fig. 6 and Fig. 
7, the latter illustrating a method of align- 
ment suitable for a primary gear frame. 
Meshing tests must be by an examination of 
the removal of thinly applied Talbot Blue or 
similar hard-setting lacquer, and not of the 
transfer of paint from one tooth to another. 
Final readjustment on board should be 
unnecessary with a properly designed gear- 
case and a suitable system of chocking to 
reproduce gearcase alignment readings re- 
corded in the shop. 


Initial accuracy of gearcase alignment in the 
shop can best be achieved by accurate: boring 
of the gearcase housings. Correction that 
must follow inaccurate boring is uneco- 
nomical of skilled labour and difficult to 
carry out when working towards a fixed-bore 
size guided by long stick micrometers and 
spirit levels on mandrels that can never 
properly fit the changing size of housing, the 
whole equipment tending to produce a 
scatter of measurements. 


Precision boring carried out by the use of 
jigs is troublesome for limited numbers of 
any one size, and the use of a boring machine 
having special features for the purpose is 
advantageous. In a typical machine a planer 
table carries the gear-case from bore to 
bore with a uniformity in horizontal align- 
ment that would be unattainable by in- 
dependent movement of boring and steady 
heads on a fixed-bed machine. Vertical 
alignment of boring and steady heads is 
determined by a mercury levelling device 
with high-pressure rubber tubing passing 
under magnetically locked stabilising pulleys 
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arranged in shafts in the concrete foundation. 
This again is more accurate than the 
use of a telescope which is peculiarly 
sensitive to weaving errors of the headstock. 
In the particular machine referred to the 
table moves with a maximum roll and hori- 
zontal weave of 0-0004in and 0-000lin re- 
spectively at a radius of 80in over a travel of 
120in. The error in vertical movements of 
the saddle and of the steady bearing, measured 
parallel to the table movement over a travel 
of 60in is in each instance no greater than 
0-:0003in. The machine is housed in a room 
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which can be temperature controlled to 
prevent relative distortion between successive 
bores, and it is found that the average 
probable error in housing alignment on a 
gearcase to take, for example, a wheel of 12ft 
diameter is about 0-0010in. 

If necessary, to provide additional rigidity 
for the boring bar, an intermediate steady 
can be quickly positioned within the gearcase 
structure by telescope setting to the. pre- 
aligned boring and steady heads. The 
housings are finished to size by microset tools 
of standard construction. 


(To be continued ) 


Gas Turbines in 1955 


No. I1l—(Concluded from page 89, January 20th) 


N this part we describe two installations 
that exploit the ability of the gas turbine 
to make economic use of gaseous fuels. 


SULZER BROTHERS, LTD., WINTERTHUR 


We learn from Sulzer Brothers (London), 
Ltd., of 31, Bedford Square, London, W.C.1, 
that during the period under review the 
Winterthur works of the Sulzer firm have been 
engaged in the design and construction of 
gas turbines for the production of combined 
outputs of electrical energy and blast air, 
using, as a fuel, blast-furnace gas or oil. 

The photograph reproduced in Fig. 9 
shows one of these sets on the test bed at 
Winterthur. It is one of two sets which have 
been supplied to the Société Métallurgique 
Hainaut-Sambre Couillet, Belgium. The 
first set was delivered in the autumn of last 
year. It has been in commercial service 
since October, and has up to now totalled 
approximately 1100 hours of commercial 
operation, producing approximately 7,000,000 
units of electricity in addition to the blast 
for the furnaces. The second set was 
delivered recently and it is expected to go 
into service next month. 

To the left of the picture on the back main 
line of shafting will be seen the low-pressure 





air compressor, and in line with it the high- 
pressure air compressor, and the gas turbine. 
In the foreground at the centre and to the 
right, will be seen the two blast-furnace 
compressors, that for the blast-furnace gas, 
and the blast-furnace blower. The alternator 
and starting motor are gear driven. At the 
end of September, 1955, Sulzer Brothers, 
Ltd. received an order for a similar plant 
for the Société Anonyme John Cockerill, of 
Seraing, Belgium. The fuel to be used in 
this case is also blast-furnace gas and the 
designed output of the plant is 7-SMW as 
for the sets supplied to Hainaut. The arrange- 
ment is basically the same, with one gas 
turbine driving both the alternator and the 
blast-furnace blower, but the cycle adopted 
for this set provides for one stage of com- 
pression only without intercooling. The 
Sulzer method of regulation for the blast is 
incorporated in this arrangement, which is 
illustrated in the schematic layout drawing 
reproduced in Fig. 10. It will be seen that a 
tapping is taken from the air compressor. 
The gas turbine is a simple open-cycle 
set with single-stage compression and 
expansion. It drives the electrical generator 
and the axial blower for the blast-furnace. 
The blower is designed for the amount of 


Fig. 9—7-5MW blast-furnace gas turbine in course of erection 
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blast required for the normal working of the 
furnace. Should the amount of blast required 
rise above this designed output of the blower, 
air can be taken from the turbine air com- 
pressor through the regulating valve from 
the tapping referred to. If the demand for 
blast air, on the other hand, should fall, then 
any excess air can be passed on to a recupera- 
tion turbine with adjustable blades. The 
control arrangement thus enables the plant 
to be worked always at a high value of 
efficiency. 

In the drawing it will be noted that the 
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1—Air compressor. 

2—Heat exchanger. 
3—Combustion chamber. 
4—Blast-furnace gas compressor. 
5—Turbine. 


Fig. 10—Arrangement of compressors 
electrical power of 7-4MW 


temperatures at various parts of the cycle are 
given in degrees Fahrenheit, and the pressure 
of the compressed air leaving the air com- 
pressor and entering the heat exchanger is 
64 Ib per square inch. 


RUSTON AND Hornsby, LTD. 


Two years ago, in this series, we recorded 
that an alternator that had been ordered by 
the Societa Nazionale Metanodotti would be 
the first industrial gas turbine in Italy. In 
fact, before this set began running at San 
Donato, another Ruston installation (Figs. 11 
and 12) ordered in August, 1954, by the 
Azienda Generale Italiana Petroli (A.G.I.P.), 
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6—Allternator. 
7—Starting motor. 
8—Blast-furnace blower. 
9—Oil burner. 

10—Blast regulation. 


and turbine for producing blast and 
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Mineraria, was installed and started up. This 
set provides electricity and process steam for 
a refinery at. Cortemaggiore; the alternator 
output is 890kW with the exhaust heat boiler 
by-passed and 870kW with 80mm w.g. 
pressure drop through the boiler. 

The boiler equipment, which was manu- 
factured and designed in Italy, comprises a 
Tosi boiler incorporating “‘ Swirlyflo ” tubes, 
a superheater and a 
Green economiser. 

When operating on 
turbine exhaust, this 
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for the air intake and the gas exhaust of the 
turbine beneath floor level. The lubricating 
oil for the gas turbine is cooled in a compact 
water cooler mounted alongside the set. 

To avoid the necessity of shipping the 
Italian manufactured alternator to Lincoln 
the turbine output shaft, together with 
coupling bolts, was sent to Italy in advance 
in order that it could be bolted to the 
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SESS Combustion air and blast. 
ill) Blest furnace gas. 
installation can pro- 
duce 4200 kg of steam 
per hour at a working 
pressure of 8 kg per 
square centimetre. By 
utilising the consider- 
able quantity of oxygen 
present in the exhaust, 
auxiliary gas burners can be used to increase 
the total steam output to 9000 kg per hour. 
The burners installed are of sufficient capacity 
to ensure that, even when the turbine is not 
running, the full steam output of 9000 kg 
per hour can be obtained. In the latter case 
a separate auxiliary air supply is fed to the 
methane burners in the boiler. 

The flexibility of the gas turbine and boiler 
system is increased by the ducting arrange- 
ment, which allows the turbine to exhaust 
direct to atmosphere without the gases 
passing through the boiler. 

A neat power-house arrangement, as shown 
in Fig. 11, is achieved by placing the ducting 


S525 Combustion gos. 





Fig. 11—Ruston ‘* TA ”’ gas turbine alternator at A.G.I.P. refinery 
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Fig. 12—Waste heat recovery system employed in the Ruston gas turbine 
installation at the A.G.LP. refinery, Cortemaggiore, Italy 


alternator rotor at the manufacturer’s works 
and the complete shaft system accurately 
balanced. 

The natural gas fields have a surface 
pressure of over 1500 Ib per square inch, and 
the gas is piped to the refinery at high 
pressure ; the supply to the turbine is at 
140 lb per square inch, so that, in contrast 
to the set described above, there is no need 
for a fuel compressor. A demonstration 
of a turbine of this type was recorded in 
THE ENGINEER of June 4, 1954 (page 832). 
The A.G.LP. turbine is expected to run con- 
tinuously until due for overhaul in April this 
year. 





INSTITUTE OF MARINE ENGINEERS.—Two papers 
were read before the Institute of Marine Engineers 
on January 10th, namely, ‘ The Influence of Weld 
Faults on Fatigue Strength with Reference to Butt 
Joints in Pipe Lines,”’ by R. P. Newman, and “* Weld- 
ing of Steam and Feed Pipework for Marine Instal- 
lations,” by J. Chamberlain and . Roe. 
The first paper deals with fatigue tests carried out 
on lengths of 6in diameter mild steel pipe containing 
welded butt joints, the condition of testing being 
alternating plane bending developing stresses trans- 
verse to the joint. It is stated that the tests were 
used to study the effects of certain kinds of weld 
fault included in some joints : fatigue stressing being 
considered as probably the most critical for revealing 
such effects. The paper mentions the establishment 
of control data for good quality joints and the 
obtaining of data from defective joints for comparison. 
The defects consisting of scattered porosity, slag 
inclusions, lack of fusion and penetration, and piping. 
It is shown that the root zone of welds, with and 
without backing rings, exercises a predominant 
influence on fatigue behaviour. It is also demon- 
strated that the lack of penetration defect has a 
decisive effect on strength, while the others have no 
effect on fatigue strength because of the over-riding 
influence of the root zone. The second paper states 
that the demand for faster and more economical 
ships has resulted in higher steam pressures and 
temperatures, and temperatures above 850 deg. Fah. 
have called for the use of alloy steels for piping and 
created welding problems. The hope is expressed 
that all pipe joints will be butt welded, resulting in 
economies in the weight of pipework. While the 
welding of low carbon steel pipework is discussed, 
the main theme is welding, heat-treatment and non- 
destructive testing of joints in alloy steels made 
manually. Recommendations are made concerning 
the suitability of certain steels for specific steam 
temperatures, 
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Naval Construction in 1955 


By RAYMOND V. B. BLACKMAN 
No. IV—( Concluded from page 96, January 20th ) 


HE first of the new U.S. super-destroyers, 

the “* Forrest Sherman,” which was laid 
gown on October 27, 1953, was launched on 
February 5, 1955, and commissioned on Nov- 
ember 9; she was built by the Bath Iron Works 
Corporation, Bath, Maine, which also has the 
“ John Paul Jones,” “* Barry ” and three other 
jster ships in hand, while the Bethlehem 
Steel Corporation, Quincy, has the “ Deca- 
wr” and four similar ships under construc- 
tion. Seven more vessels of the type were 
provided for under the 1956 programme, 
bringing the number in the class up to eighteen. 
They will be larger than all existing 
destroyers, with increased freeboard and 
fare forward, and they will embody improve- 
ments in armament. The entire structure of 
the ships above the main deck, including 
oun foundations, is of aluminium to obtain 
maximum stability while maintaining mini- 
mumdisplacement. With a length of 418ft 6in. 
a beam of 45ft and a draught of 19ft 6in, 
they will have a displacement of 2850 tons 
standard and 3807 tons full load. Their 
armament will comprise three Sin, 54 calibre, 
dual-purpose guns in single mountings, two 
aft and one forward, four 3in, 70 calibre 
anti-aircraft guns in twin mounts, four 2lin 
torpedo tubes, and anti-submarine weapons, 
including hedgehogs, depth charge projectors 
and depth charge tracks. The propelling 
machinery will comprise four boilers and 
two sets of geared turbines turning two 
screws and developing about 100,000 s.h.p., 
giving a speed of over 35 knots. 

The third of a new type of ocean escorts, the 
U.S.S. “Hammerberg”’ (Fig. 18) was completed 
in February, 1955, by the Bath Iron Works 
Corporation, which delivered the ** Dealey ” 
and ‘‘ Cromwell ” a few months earlier. The 
“Evans” and a sister ship are in hand by 
the Puget Sound Bridge and Dredging Com- 
pany, Seattle, Wash., while the “* Courtney ” 
and a similar vessel are the responsibility 
of the Defoe Shipbuilding Company. Two 
more vessels of the class are being built by 
the Bethlehem-Pacific Coast Steel Corpora- 
tion, and four by the New York Shipbuilding 
Corporation, bringing the number of this 
class of ship up to fifteen. They constitute 
anew type of anti-submarine vessel intended 
for overseas convoy operations. Somewhat 
larger than earlier American destroyer 
escorts, they approximately correspond with 
the utility anti-submarine frigates being built 


for the British Navy. With a displacement 
of 1450 tons standard and 1930 tons full load, 
they have a length of 314ft 6in, a beam of 36ft 
9in and a draught of 18ft. Their propelling 
machinery comprises two boilers and one 
set of geared turbines turning a single screw 
and developing 20,000 s.h.p., equal to a speed 
of 25 knots. They have the latest anti- 
submarine weapons and anti-aircraft arma- 
ment, including four rapid firing 3in, 50 cali- 
bre guns in twin mountings, one forward and 
one aft. The construction of these vessels 
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corresponding to a boiler-room and an engine- 
room in order to provide adequate watertight 
integrity in the event of battle damage to the 
hull. The reactor compartment contains 
the nuclear reactor, all steam generating 
equipment and the auxiliary systems. The 
engine-room contains the propulsion equip- 
ment, all steam-driven units, associated 
control panels and switchgear, as well as the 
main control point for the equipment in both 
compartments. The engine-room, aft of 
the reactor compartment, has three deck 
levels. The machinery is designed for a 


speed of over 20 knots with a range of more 
than 25,000 miles. 

A near sister ship of the “* Nautilus,” the 
““Sea Wolf,” laid down on September 15, 
1953, was launched on July 21, 1955, also 
by the Electric Boat Division, but she has 
engines of different type, manufactured by 





Fig. 19—U.S.S. ‘* Nautilus,’’ the world’s first atomic-powered submarine. Completed April, 1955 


was designed in such a manner that in the 
event of war similar submarine killers could 
be built rapidly on mass production lines. 
The world’s first atomic-powered sub- 
marine, U.S.S. “* Nautilus” (Fig. 19), began her 
sea trials on January 17, 1955, and was com- 
pleted on April 22nd. Built by the Electric 
Boat Division of the General Dynamics 
Corporation at Groton, Conn., and engined 
by the Westinghouse Electric Corporation, 
she was laid down on June 14, 1952, and 
launched on January 21, 1954. With a dis- 
placement of 2980 tons light and 3180 tons 
standard surface, she has a length of 300ft 
and a beam of 28ft. She is armed with six 
2lin torpedo tubes. Her main propelling 
machinery comprises a thermal reactor power 
plant of such size that it was necessary to 
divide it into two separated compartments 





Fig. 18—U,S,S. ‘‘ Hammerberg,’? post war destroyer escort. Completed 1955 





the General Electric Company. While the 
‘“* Nautilus ” has a thermal reactor and water 
coolant, the **‘ Sea Wolf ”’ has an intermediate 
reactor and a liquid metal coolant, and she 
has an overall length of 320ft with a light 
displacement of 3260 tons and a beam of 
30ft. She is reported to be designed to travel 
faster under water than on the surface. Her 
prow is therefore bulbous to obtain better 
submerged performance as compared with 
conventional submarines designed for top 
speed on the surface and which have knife- 
blade prows. 

Other submarines in the new construction 
programme include a_ gigantic atomic- 
powered radar picket type of about 4600 
tons displacement with two nuclear engines 
designed to give a speed of over 30 knots 
to keep up with the fastest aircraft carriers 
and destroyers ; two large atomic-powered 
submarines similar to the ‘* Nautilus ” and 
“Sea Wolf”; three medium  atomic- 
powered submarines of about 2300 tons ; a 
guided missile submarine of about 2900 tons, 
with conventional propulsion ; two radar 
picket submarines of 2000 tons, and seven 
high-speed attack submarines of 1700 tons 
propelled by diesels of improved design. 

The most interesting reconstruction and 
conversion of the year was that of the 
U.S.S. “‘ Boston,” newly transformed into 
the world’s first guided missile cruiser. 
She was originally a heavy cruiser with a 
displacement of 13,600 tons standard and 
17,200 tons full load, with an overall length 
of 673ft 6in, a beam of 71ft and a draught of 
26ft. Her armament comprised nine 8in 
guns in three triple turrets, two forward and 
one aft, twelve Sin guns in six twin mount- 
ings, two on each beam abreast the forward 
and after superstructures, one before the 





Fig. 20—U.S.S. 


** Boston,”’ world’s first guided missile cruiser. 
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Reconstruction completed 1955 ; 


commissioned November Ist. The new layout is shown with “Terrier ’’ missiles aft in place of triple 
main gun turret and twin secondary gun turret 


bridge and one abaft the after control, and 
fifty-two 40mm and twenty-three 20mm 
anti-aircraft guns. Asconverted into a guided 
missile ship (Fig. 20) by the New York Ship- 
building Corporation, Camden, New Jersey, 
she has undergone drastic changes in layout 
and appearance. One of the two funnels 
was removed altogether, and a pole foremast 
has been replaced by a sturdy square lattice 
pylon. The after 143-ton 8in triple gun 
turret and the aftermost Sin twin mounting 
have been suppressed in the conversion, and 
two twin guided missile launchers, each 
capable of firing two “Terrier” weapons 
simultaneously, have been mounted. The 
stowage of the “ Terriers ”’ is below decks in 
two magazines, dubbed the “ coke machines,” 
which are completely automatic loading 
devices. Radar apparatus and electronic 
equipment for detecting targets and for 
guiding the missiles represent the most 
radical change in the ship. This equipment 
is the most modern available and is designed 
for a maximum degree of automatic opera- 
tion. The “ Boston” was recommissioned, 
after her heavy alteration work, on November 
1, 1955, at the U.S. Naval Base at Phila- 
delphia, and became the first combat ship 
capable of firing guided missiles. This ship 
is the first of two guided missile cruisers 
taken in hand for conversion at the New 
York shipbuilding yards. Her sister ship, 
the “‘ Canberra,” is scheduled to be -com- 
pleted by the spring of 1956. 


RUSSIA 


Eight more cruisers of the “ Sverdlov ” 
class were under construction, bringing the 
number of ships of this type up to twenty-two, 
and ten more destroyers of the “ Skoryi” 
class were completed, raising the number of 
this fast mine-laying fleet type to sixty-eight 
units. 

Of more recent design are a number of 
much larger destroyers of about 3100 tons 
displacement (some reports put them nearer 
3500 tons) with a length of 420ft. Known as 


the “ Tallin ” class, they are flush-decked with 
one main turret forward and one aft, and 
two wide apart funnels between which are 
mounted two banks of quintuple torpedo 
tubes. Another new type of flush-decked 
destroyers are the “‘ Kola” class (Fig. 21), 
of which construction is estimated to have 
run into twenty-four units. These are much 
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smaller vessels of the escort category with 
displacement of 1500 tons and a length of 
305ft. They are armed with four 3.9), 
guns in single shields, two forward and two 
aft, some 37mm A.A. guns and three 2lin 
torpedo tubes in a triple nest between the 
raked funnels, before which the two masts 
are very closely stepped. Their speed ig jn 
the region of 30 knots. 

About eighteen large ocean-gcing sub. 
marines were completed. These have a 
submerged displacement of 2900 tons with a 
length of 320ft. They are armed with 3ip 
guns in a twin turret and twin A.A. guns, 
Their speed is 20 knots on the surface and 
16 knots submerged, and they have a range 
of 20,000 miles. Some twenty medium sea- 
going submarines were also completed. With 
a displacement of 1100 tons on the surface 
and 1600 tons submerged, they have a length 
of 240ft. Their armament comprises a 
3-9in gun, a light A.A. gun, and six 2lin 
torpedo tubes. They have a speed of 16 
to 17 knots and a 13,000 miles radius of 
action. 

FRANCE 

The new aircraft carrier ‘* Clemenceau,” 
being built at Brest Dockyard, will have a 
displacement of 22,000 tons standard and 


27,300 tons full load, with a length of 


833ft 6in between perpendiculars and 855ft 
overall, an overall beam of 141ft and a 
draught of 26ft 3in. She will have the angled 
deck, two steam catapults and two lifts, and 
will carry about sixty aircraft. Her arma- 
ment will comprise twenty-four 2-25in A.A. 
guns in twin mounts. She will have a com- 
plement of 2700, including 179 officers. Her 
propelling plant will consist of six boilers 
and geared turbines of 126,000 s.h.p., turning 
two screws to give a speed of 32 knots. She 
will have a radius of 7500 miles at 18 knots. 
A sister ship is projected under the 1955 
programme. 

A new anti-aircraft cruiser, the ‘* Colbert,” 


Fig. 22—‘‘ Le Corse,”’ a fast anti-submarine frigate of the French navy 
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Fig. 23—“‘ Halland,”” new Swedish destroyer. Completed 1955 


was also under construction in Brest Dock- 
yard. Provision has been made in the design 
so that she can be fitted with guided missiles. 
Her protection will be quite different from 
that of her newly completed predecessor, the 
“De Grasse,” upon which she will be an 
improvement, and she will have a platform 
for a helicopter. She will displace 8500 tons 
standard and 11,000 tons full load witha length 
of 574ft 3in between perpendiculars and 597ft 
[tin overall, a beam of 63ft 6in and a draught of 
18ft 9in. Her armament will include sixteen 
Sin A.A. guns in twin mountings and twenty- 
four 2:25in A.A. guns in twin mounts. Twin 
screw propelling machinery of 86,000 s.h.p. 
will give her a speed of 32 knots and she will 
have a range of 4000 miles at 25 knots. 
Accommodation will be provided for a 
complement of 977 officers and men. 

Six more of the new destroyers of the 
“ Surcouf” class were completed in 1955. 
Four more frigates of the ‘‘ Le Corse”’ class 
(Fig. 22) were also completed during the 
year. These fast, ocean-going anti-sub- 
marine and anti-aircraft escorts have a dis- 
placement of 1290 tons standard and 1702 
tons full load with a length of 315ft, a beam 
of 33ft 6in and a draught of 10ft. Their multi- 





have a radius of 4500 miles at 15 knots. 
With the two provided for in the 1955 new 
construction programme the class now 
numbers fifteen vessels. 

The six ocean-going submarines of the 
“‘ Narval”’ class in various stages of con- 
struction have a displacement of 1441 tons 
on the surface and 1800 tons submerged with 
a length of 256ft and an armament of eight 
torpedo tubes. Their propelling machinery 
comprises Schneider two-stroke, seven-cylin- 
der diesels of 4000 b.h.p., equal to a surface 
speed of 16 knots, and electric motors of 
5000 h.p. designed for a submerged speed of 
18 knots. Seven smaller submarines of the 
killer type for hunting enemy submarines 
are also under construction. 


ITALY 


The reconstruction and conversion of the 
light cruisers “‘ San Giorgio ” (ex-“* Pompeo 
Magno”) and “San Marco” (ex-Giulio 
Germanico”’) into fleet destroyers and 
squadron escorts was completed during the 
year. They now displace 3500 tons standard 
and 5300 tons full load with a length of 
455ft, a beam of 47ft 3in., and a draught of 
16ft 9in. The new armament includes six Sin 


Fig. 24—‘‘ Zeeland,’’ new Netherlands destroyer. Completed 1955 


purpose armament includes six 2-25in A.A. 
guns in twin mounts, two 20mm A.A. guns, 
two anti-submarine mortars, a new type of 
hedgehog, a depth charge rack, and twelve 
21-7in tubes in triple mountings for homing 
torpedoes. The propelling machinery con- 
sists of two boilers using the same pressures 
and temperatures as those in the new 
destroyers and geared turbines of 20,000 
s.h.p. designed for a speed of 27 knots, 
exceeded on trials. These convoy escorts 


guns in twin turrets, two aft and one forward, 
twenty 40mm A.A. guns, a bow anti-sub- 
marine weapon, and depth charges. The 
propelling machinery comprises four boilers 
and a two-shaft arrangement of geared 
turbines of 110,000 s.h.p. originally designed 
for a speed of 41 knots and from which a 
sea speed of 36 knots can be maintained. 

The two large destroyers “ Impetuoso ” 
and ‘“Indomito” under construction will 
have a displacement of 2775 tons standard 
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and 3592 tons full load with a length of 
405ft, a beam of 42ft 9in and a draught of 
14ft. Their armament will include four Sin 
guns, sixteen 40mm A.A. guns, two 2lin 
torpedo tubes, and a bow anti-submarine 
weapon. The propulsion plant comprises a 
two-shaft arrangement of geared turbines 
taking steam from four boilers and developing 
65,000 s.h.p. designed for a speed of 34 knots. 

Two of the four frigates under construc- 
tion, the “‘ Canopo ” and “ Centauro,” were 
nearing completion. They displace 1500 tons 
standard and 1925 tons full load with a length 
of 317ft 6in, a beam of 38ft and a draught 
of 11ft 6in. They carry four 3in A.A. guns, 
four 40mm A.A. guns, two 2lin torpedo 
tubes, and an anti-submarine weapon at a 
speed of 26 knots obtained from geared steam 
turbines of 22,000 s.h.p. 

Other new construction includes three 
new corvettes, the ‘* Albatros,” “ Alcione ” 
and “ Airone,” displacing 760 tons standard 
and 950 tons full load, with an overall length 
of 249ft 6in, a beam of 31ft and a draught of 
9ft, an'armament of two 3in guns, two 40mm 
guns, and two hedgehogs, and propelled by 
Fiat diesels of 4400 b.h.p., giving a speed of 
20 knots. 


NETHERLANDS 


Of the eight large destroyers under 
construction the first, the “ Friesland,” carried 
out trials in September. All the class displace 
2476 tons standard and 3070 tons full load 
with an overall length of 380ft 6in, a beam of 
38ft 6in and a draught of 13ft. They are armed 
with four 4-7in guns, six 40mm A.A. guns, 
and anti-submarine weapons, but they have 
no torpedo tubes like orthodox destroyers 
and they are also unusual in having some side 
armour as well as deck protection, in which 
respect they are like light cruisers. Their 
propelling machinery comprises a two-shaft 
arrangement of geared turbines of 60,000 
s.h.p., equal to a speed of 36 knots.. They are 
larger and faster than the four destroyers 
of the ** Holland ” class, of which the “‘ Zee- 
land,” (Fig. 24) “‘ Noord Brabant” and 
** Gelderland ” were also completed in 1955. 


SWEDEN 


The new destroyers “Halland” and 
** Smaland,”’ powerful and handsome looking 
ships with fully automatic gun turrets which, 
it is officially stated, will be equipped with 
guided missiles, were completed. With a 
displacement of 2600 tons they have a length 
of 380ft 6in, a beam of 41ft and a draught of 
12ft 6in. They carry four 4-7in guns, two 
2-25in guns, six 40mm A.A. guns and eight 
2lin torpedo tubes at a speed of 35 knots. 


VENEZUELA 


The destroyer “ Aragua,” launched at 
Vickers-Armstrongs, Barrow-in-Furness, on 
January 27, 1955, will have a displacement 
of 2600 tons standard and 3300 tons full load 
with an armament of six 4-5in guns, eight 
40mm A.A. guns and three 2lin torpedo 
tubes and Parson geared turbines of 50,000 
s.h.p., designed for a speed of 34-5 knots. 
Six frigates, of 1300 tons with a main arma- 
ment of four 4in guns and a speed of 32 knots, 
are being built in Italy. 





Lous BREGUET MEMOKIAL TROPHY.—The Royal 
Aero Club has been presented by Sir Richard Fairey 
with a trophy in the form of a silver statuette of 
Daedalus and Icarus. It will be awarded annually 
to a British or French company or individual for 
meritorious achievement in the development of any 
form of aircraft that substantially achieves the advan- 
tages offered by rotating-wing aircraft. Such air- 
craft must be heavier-than-air machines capable of 
taking-off and landing with full load at below 
20 m.p.h. Louis Breguet, after whom the reward is 
to be known, was one of the pioneers of the 
helicopter. 
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Use of Sodium and of Sodium- 
Potassium Alloy as a Heat-Transfer 
Medium 
By W. B. HALL, B.Sc. (Eng.),t and T. I. M. CROFTS{ 
No. Il—(Concluded from page 104, January 20th) 


At the Institution of Mechanical Engineers, on 

January 13th, a description of some experi- 

mental work on liquid metal circulating systems 

was presented. The greater part of the paper is 
reproduced here. 


Valves—One method of solving the valve 
problem has already been described in connection 
with the pump test circuit, in which the valve 
and the gland are separated so that the gland 
operates in the blanket gas space. Another 
expedient is to make use of the relatively high 
melting point of sodium and to freeze a short 
length of the sodium in the pipeline. Both 
methods have their limitations ; the former leads 
to a rather cumbersome design, and the packing 
may still suffer attack from liquid metal vapour 
in the gas space, although this is not serious with 
asbestos packing and temperatures below 150 deg. 
Cent. The second method suffers from the 
disadvantages that the valve is either fully open 
or fully closed, and that the time required to 
thaw the metal may be an embarrassment under 
certain operating conditions. 

A design of valve in which the gland is pro- 
tected from the liquid -metal by flexible metal 
bellows is shown in Fig. 6. In the case of sodium, 
an additional measure of protection is afforded by 
the narrow annulus, cooled by external fins, in 
which the sodium will freeze before reaching 
the gland ; this does not apply for alloys which 
are molten at room temperature. A valve of 
this type has given trouble-free service with 
sodium-potassium alloy at 250 deg. Cent. 

Pumps.—Electromagnetic pumps have been 
used throughout the work reported here, except 
for the heat-transfer apparatus in its original 
form. They have a considerable advantage over 
mechanical pumps in that there are no moving 
parts and no glands. It should, however, be 
mentioned that they tend to become inefficient 
when used on liquid metals of low conductivity, 
such as lead-bismuth alloys. The gland problem 
of the mechanical pump may be avoided by 
using the “‘ canned rotor” principle, in which 
the armature of the motor runs in liquid metal 
and is separated from the field windings by a 
thin metal sheath. Such a pump, of 50 h.p. 
capacity, has been designed but has not yet been 
tested (Fortescue, 1954). It may be possible, 
with a carefully designed mechanical pump to 
attain an efficiency of 60 to 70 per cent, whereas 
an electromagnetic pump operating under favour- 
able conditions will probably not exceed 40 to 
50 per cent. Nevertheless, in most applications 
the lower efficiency of the electromagnetic pump 
will be amply compensated for by its greater 
simplicity. 

The various types of electromagnetic pump have 
been described by Woollen (1955), and a 400 
gallons-per-minute flat linear induction pump 
(F.L.L.P.) was tested in the 4in diameter circuit 
described above. The F.L.I.P. operates on the 
same principle as an induction motor; the 
windings are arranged so that they produce a 
travelling magnetic field along the length of a 





Notation 
c—Specific heat of liquid metal, cal. gramme deg. Cent." 
d—Diameter of tube, centimetres. 
d,—Effective diameter of annulus, d,—d:, centimetres. 
d,—Inner diameter of annulus, centimetres. 
d,—Outer diameter of annulus, centimetres. 
h—Differential pressure across Venturi, kilogrammes 
centimetres~*. 
k-—Thermai conductivity of liquid metal, cal. centimetres, 
sec.—', deg. Cent." 


P.—Cavitation pressure, kilogrammes centimetres~*. 
P,—Pressure at pump inlet, kilogrammes centimetres.~* 
Pr—Prandtl number, cy./k, dimensionless. 

P,—Pressure at Venturi inlet, kilogrammes centimetres~*. 
Nu.—Nusselt number for an annulus, «d,/k, dimensionless. 
Nu;—Nusselt number for a tube, xd/k, dimensionless. 

r,;—Inner radius of annulus, centimetres. 

r,>—Outer radius of annulus, centimetres. 

Re—Reynolds number, Vdop/, dimensionless. 

V—Velocity, centimetre second". 
aes. oe meas cal. centimetres“, second-", 
. = 
e—Density of liquid metal, gramme centimetres~*. 
u—Viscosity of liquid metal, gramme centimetres“, 
second, 


+ Principal Scientific Officer, Research and Development 
Branch of the United Kingdom Atomic Energy Authority. 

t In charge of Section of Experimental Engineering Labora- 
tories responsible for liquid metal development work, United 
Kingdom Atomic Energy Authority, Sellafield. 
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narrow rectangular channel, and the liquid metal 
in the channel corresponds to the armature of the 
induction motor. An alternative type of pump, 
which is used on the high-heat-flux circuits 
described above, is the conduction pump ; in 
this design a current is passed through the liquid 
metal in a direction perpendicular to its direction 
of flow, and a magnetic field is provided in the 
third mutually perpendicular direction. This 
type of pump is normally used only in small 
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A—Bearing. 
B—Graphited asbestos packing. 
C—Bellows. 


Fig. 6—1in bellows valve 


sizes, and its efficiency is usually in the range 
5 to 10 per cent. For a more detailed description 
of these and other types of electromagnetic 
pump reference should be made to Woollen 
(1955). 

Fig. 7 shows the experimentally determined 
characteristic curves of the 400-gallons-per- 
minute F.L.LP. Lines of constant efficiency 
have been superimposed on the pressure rise 
against flow curves for various winding currents. 
One aspect of the operation of this type of pump 
is worthy of mention. There is normally a 
contraction of area from the pipeline to the 
narrow rectangular duct 
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indicator is the insulated probe, which is inserteg 
through the top of an expansion chambey or other 
vessel ; the probe is insulated from the tank liq 
and when the liquid metal makes contact with it 
an electrical circuit is closed which lights q 
warning lamp on the control panel. Severa} 
probes of different lengths may be used to deter. 
mine the level within closer limits. This method 
has been widely used on the apparatus cescribed 
above ; a normal sparking plug is usec to pro. 
vide the gastight, insulated connection through 
the tank lid. In the main this type of indicator 
has proved satisfactory although a‘ higher 
temperatures some trouble has occur: :d as a 
result of condensation of metal vapour © 1 the in- 
sulator, with subsequent “ shorting”’ of the probe, 
An alternative which does not involve di*ec: con. 
nection with the liquid metal, is to employ a 
gamma-ray absorption method. A source of 
gamma-rays is placed at one side of the vessel 
and a detector at the other ; the difference in 
the attenuation of radiation from the source 
when liquid metal is interposed betwee!: it and 
the detector can be made to operate an indicator 
lamp or warning bell. The sensitivity o! this 
method is limited by the relative attenuation of 
the radiation in the walls of the vessel and in the 
liquid metal ; it has been used quite satisfactorily 
on a 3in diameter stainless steel vessel with walls 
0-128in thick. It is ideally suited to level 
measurements at high temperatures. 

The level of a liquid metal in a manometer 
tube may be measured by one of the following two 
methods : in the first, which was used on the 
heat-transfer apparatus described above, a direct 
current of about 1A was passed down the tube 
and measurements of the potential along its 
length were used to determine which part of the 
tube was “‘ shorted” by the liquid metal inside it. 
Voltage tappings were connected to the tube at 
10cm intervals along its length, and adjacent 
tappings could be connected across a galvano- 
meter by means of a selector switch; the 
potential difference across pairs of tappings 
below the liquid metal surface was less than that 
for an empty tube, hence the two tappings 
between which the surface lay was quickly deter- 
mined. An estimate of the exact position of the 
surface between the tappings was then made by 
comparing the potential difference between them 
with the corresponding values for an empty tube 
and for a full tube. 

The second method depends upon the fact that 
the inductance of a coil of wire placed round the 
pipe is affected by the presence of liquid metal 
in the pipe. If the coil is moved along the pipe 
it is possible by this means to detect the position 





of the pump and, con- 32 

sequently, the pressure [ 
in the duct will be less 
than that in the pipeline 
by an amount equal to 
the losses in the section 
changer and the differ- 
ence in kinetic pressure 
at the two points. If the 
duct pressure becomes 
sub - atmospheric, the 
rather flexible walls de- 
flect inwards, thus in- 
creasing the velocity and 
reducing the pressure 
still further (provided 
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the pipeline pressure re- 
mains constant). In 
practice, when a pump 
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is operated in this region, 
there is a drastic reduc- 
tion in flow and pres- 
sure rise. 

Level Measurement.— 
Devices for measuring 
the level of the liquid metal are required in 
reservoir tanks, expansion tanks, and in mano- 
meter tubes. In many cases it is necessary to 
know only whether the liquid surface lies between 
two fixed points ; for example, in an expansion 
vessel at the top of an apparatus. The level in 
a manometer, on the other hand, must be 
measured accurately ; in some cases it is also 
desirable to measure the level in a reservoir tank 
accurately, since it is then possible to follow the 
process of filling the apparatus more closely. 

Probably the simplest form of fixed-level 


100 


200 300 400 


Flow — Goal. per min. 


Flat linear induction pump, sodium-potassium eutectic at 250 deg. Cent. 


Fig. 7—Pump characteristics 


of the surface ; the manometer tubes across the 
nozzle flow meter in the pump testing circuits 
were fitted with this type of instrument. It 
should be noted that since the method depends 
upon the eddy currents generated in the liquid 
metal (which in the case of sodium is non- 
magnetic), the tube should be of non-magnetic 
material or it will shield the liquid metal inside it. 

The level in the reservoir tank of the pump 
testing circuit was measured by means of a float 
which was magnetically coupled to an indicator 
dial. The float contained a permanent magnet 
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and was free to slide up and down a vertical tube 
ing through the tank lid. The bottom of this 
tube was sealed and a magnet was suspended 

inside the tube by a wire which operated a 
palanced indicator dial. Movement of the float 
and its magnet thus operated the indicator by 
way of the magnet inside the pipe. Oxide con- 
tamination Of the liquid metal was responsible for 
most of the troubles experienced with this instru- 
ment ; unfortunately, the reservoir tank is often 
the coldest part of the circuit, and oxide tends to 
separate out there. This emphasises the import- 
ance of the equipment for the continuous removal 
of oxide, which is described later. 

Flow Measurement.—The basic method of flow 
measurement in all the equipment described here 
is by means of either a nozzle or Venturi meter 
designed in accordance with B.S. 1042. Electro- 
magnetic flow meters are calibrated against these 
either in the same apparatus or in a special 
calibration circuit. 

The electromagnetic flow meter consists of a 
section of pipe across which a magnetic flux is 
maintained, usually by means of a permanent 
magnet. Potential tappings are connected to the 
pipe so as to measure the potential across a 
diameter of the pipe at right angles to the mag- 
netic flux. The flow through the pipe is pro- 
portioned to the e.m.f. developed at the tappings 
and the constant of proportionality for a given 
flow meter is determined by comparison with a 
nozzle or Venturi meter. Elrod (1952) has 
developed a theoretical expression relating the 
emf. from the flow meter with the flow, the 
strength of the magnetic flux, the dimensions of 
the system, and the resistivities of the liquid 
metal and the pipe material. Tests in connection 
with the apparatus described in this paper have 
shown that, whilst the results confirm the general 
form of his expression, the magnitude of the 
em.f. obtained in practice is about 80 per cent 
of the value predicted. 

Cottrell (1953) has described the use of rota- 
meters and rotary-vane flow meters with liquid 
metals. 

Pressure Measurement.-Conventional Bourdon 
tube pressure gauges (with stainless steel tubes) 
have been used where it is possible to ensure that 
the liquid metal is not in direct contact with the 
tube. This may be achieved by interposing a 
vessel between the liquid metal and the gauge in 
which an inert gas is trapped ; such an arrange- 
ment is shown in Fig. 1 (ante). Diaphragm gauges 
are preferable to Bourdon tube gauges and may be 
used in direct contact with the liquid metal, 
although this is not recommended, since it is then 
necessary to keep the diaphragm at a sufficiently 
high temperature to prevent oxide deposition. 
Where it is inconvenient to situate the pressure 
gauge close to the point where the pressure is to 
be measured, the gauge may be connected to this 
point by means of a capillary tube filled with an 
inert liquid, which is then sealed from the liquid 
metal by a diaphragm. The diaphragm assembly 
may be heated to the temperature of the liquid 
metal circuit to prevent oxide deposition. The 
intermediate liquid may be silicone oil, for low- 
temperature operation, or sodium-potassium 
eutectic for high temperatures. This type of 
instrument has given satisfactory service on the 
high heat flux apparatus described above. 
Cottrell (1953) described the use of flexible metal 
bellows in place of the diaphragm. 

Oxide Removal.—Oxidation of sodium or 
sodium-potassium alloy in an apparatus may be 
caused either by oxygen in the gas used to 
blanket the free surfaces, or by reduction of 
metallic oxides on the surfaces of the pipes. 
Whilst it is possible to reduce contamination 
from both of these causes it is preferable, in 
addition, to provide for the continuous removal 
of oxide from the liquid metal. 

The effects of oxide contamination are two- 
fold : firstly, the presence of oxide materially 
affects the corrosion problem, and secondly, the 
contamination may be sufficiently severe to cause 
blockage of the pipes. 

Horsley (1954) has shown that sodium oxide 
contributes largely to the corrosion of steel by 
sodium and sodium-potassium alloys as a result 
of the formation of complex iron sodium oxides. 

The solubility of sodium oxide in both sodium 
and sodium-potassium is small but increases with 
temperature, so that solution of oxide occurs in 
high-temperature regions with deposition in 
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low-temperature regions. Thus if no steps are 
taken to remove it, oxide may build up locally at 
the coolest part of the circuit and cause a blockage. 
Fortunately, this transfer process provides a 
convenient method for the continuous removal of 
oxide ; a small fraction (approximately 1-2 per 
cent) of the liquid metal is passed through a 
vessel which is maintained at a lower temperature 
than the rest of the circuit, and the oxide is 
deposited in this vessel. A typical cold trap, 
which was installed on the pump testing circuit 
(Fig 1) is shown in Fig. 8. The trap operates at 
a temperature of about 150 deg. Cent, with the 
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Scale Inches 
See Fig. | (ante) for location. 
A—Regenerative heat exchanger containing six equally pitched 


tu eo 

B—Double-wall centre tube. 

C—Basket carrying lessing rings with perforated bottom plate 
welded to perforated tube. 

D—Flange with annealed-copper joint-ring. 

E—Perforated tube. 

F—Copper fins brazed to stainless steel shell. 


Fig. 8—Cold trap 


main circuit at about 250 deg. Cent. A window 
was fitted to this circuit above the free surface in 
the control valve. Before the cold trap was fitted 
the surface was generally covered by a layer of 
oxide, and in fact it was necessary to clean out 
the apparatus after 360 hours of operation ; 
after fitting the cold trap the free surface remained 
clean and a run of 10,000 hours’ duration was 
achieved with no sign of contamination. 


HEAT-TRANSFER MEASUREMENTS 


The apparatus used for this work has been 
described above. At the time when the work was 
initiated there was available a considerable 
amount of heat-transfer data for mercury, some 
for lead-bismuth alloys, and a small amount for 
sodium-potassium alloy. The extremely large 
discrepancies between the results of various 
workers using mercury had not been resolved, 
and there was considerable controversy as to 
whether wetting of the solid surface by the liquid 
metal had any effect on heat transfer. For 
example, Trefethen (1951) carried out experi- 
ments with mercury under wetting and non- 
wetting conditions and found no difference 
between them ; on the other hand, Doody and 
Younger (1951), again using mercury, found such 
an effect. More recently it has been stated that 
a reduction in heat-transfer coefficient under non- 
wetting conditions may be suppressed by an 
increase in the pressure of the liquid metal, 
suggesting that some type of cavitation pheno- 
menon is responsible for loss of contact between 
the surface and the liquid metal (Stromquist, 
1953). 

In these circumstances, it was thought desirable 
to obtain basic heat-transfer measurements under 
conditions which would be dictated by experience 
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in Operating sodium circuits ; for example, it 
appeared unlikely that the high standard of 
cleanliness which is possible in laboratory 
apparatus could be maintained when dealing 
with plant-scale equipment. 

The results obtained on the heat-transfer 
apparatus are shown in Fig. 9, where they are 
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Fig. 9—Results from double-annulus exchanger 


compared with a curve predicted by Lyon (1951). 
A corresponding equation for circular tubes 
proposed by Lyon, and based on theoretical work 
by Martinelli (1947) is 


Nu=7+0-025(Re.Pry*® . . . (I) 


and for an annulus 


Le i 
Nua=0 75Nu(“) og, fn ree 

Equation (2) is represented by the curve in 
Fig. 9 and is confirmed by both the sodium and 
sodium-potassium alloy results for Reynolds 
numbers in the turbulent-flow region. It should 
be noted that equation (1) is likely to be inade- 
quate at lower Reynolds numbers, since liquid 
metals of different Prandtl numbers could have 
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P.—0 at zero flow by extrapolation of cavitational flow para- 
meter. 
P,—Pump inlet pressure at zero flow. 


Pump inlet pressure is maintained constant. 


— — — — Cavitational flow. 
Normal flow. 


P.=P,—h. 


x P,;=1-+23kg per square centimetre. 
@ P,=1-37kg per square centimetre. 
O P,=1-43kg per square centimetre. 
;=1-63kg per square centimetre. 

1-89kg per square centimetre. 


(a) Diagram of test circuit. 


A—Electromagnetic flow meter. 
B—Venturi 


(6) Curve showing relation between A and P). 
h—KV*. 


K—Venturi constant. 
V—Velocity of flow. 


Fig. 10—Cavitation tests with sodium-potassium 
eutectic at 250 deg. Cent. ‘ 
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Reynolds numbers in the laminar and turbulent 
Reynolds numbers regions respectively, and yet 
have the same value of Peclet number (Re . Pr). 

In the course of the work it was found that a 
slight eccentricity of the annuli produced a 
much larger temperature variation in a circum- 
ferential direction than would be expected with 
fluids of higher Prandtl number (that is, gases 
and non-metallic liquids). This effect is discussed 
elsewhere (Hall and Jenkins, 1955). It should be 
borne in mind when assessing the thermal stresses 
likely to be set up in a liquid-metal heat exchanger. 

A few measurements were made at Reynolds 
numbers in the laminar-fiow region, and instead 
of giving the theoretically predicted constant 
Nusselt number the results showed a continued 
decrease as the Reynolds number decreased. 
The classical theory, upon which the prediction 
of constant Nusselt number is based, neglects 
conduction in the direction of flow, and it is 
suggested that this may explain the discrepancy. 
Further work is planned to resolve this point. 

No deterioration in the heat-transfer coefficient 
with time was detected in the whole of the work. 
However, steps were taken to prevent deposition 
of oxide on the heat-transfer surfaces by the use 
of a “ cold trap,” as has already been described. 


CAVITATION 


The apparatus used for investigating cavitation 
in sodium-potassium eutectic was included in the 
pump test circuit shown in Fig. 1 and is shown 
diagrammatically in Fig. 10(a). The results of the 
tests at 250 deg. Cent. are shown in Fig. 10 (6). 

A lin tapping into the 4in outlet of the electro- 
magnetic pump gave a high-velocity supply of 
liquid metal which was passed through a standard 
Venturi (B.S. 1042) to produce low throat 
pressures. The throat pressures could not be 
measured directly owing to lack of suitable 
instruments, but was calculated by the standard 
flow formule from the velocity measured by an 
electromagnetic flow meter. 

An alternative method of determining the 
throat pressure at which cavitation occurs, as 
described by Rouse (1938), is illustrated in Fig. 10. 
The Venturi inlet pressure P, is plotted against /, 
which is proportional to V*. Since the pressure 
at outlet from the cavitation loop, P;, was 
maintained constant whilst the flow velocity V 
was varied, the steep sections of the curves 
represent the normal relationship between the 
flow velocity V and the pressure drop (P,;—P;), 
when there is no cavitation. It is suggested that 
when cavitation occurs, the throat pressure P, 
remains constant at the vapour pressure of the 
liquid, that is, 

P,—KV*=P;=constant . . . (3) 


Under these conditions the relationship between 
P; and K is unaffected by changes in the down- 
stream pressure P;; moreover, if this section 
of the graph is extrapolated to zero flow, the 
intercept on the P, axis will give the cavitation 
pressure P,. (If V=0O in equation (3), then 
P.=P,.) It will be seen that the results obtained 
at different values of the downstream pressure 
P;, do conform to this pattern. The virtue of 
this method lies in the fact that the absolute 
accuracy of measurement of the flow velocity V 
is not important in determining the cavitation 
pressure P,. It will be seen that this method 
leads to a value of P, very close to zero; the 
accuracy of the measurements is not such as to 
distinguish between zero pressure and the vapour 
pressure of the liquid metal (the vapour pressure 
of sodium-potassium eutectic is Imm of mercury 
at 355 deg. Cent.). 
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Ice Locomotives 


HE Christmas and New Year cards that we 

sent out to a great many friends at the end of 
last year depicted an ice locomotive. The 
engraving was reproduced from our issue of 
January 4, 1861. It illustrated an ice locomotive 
“‘ designed by Mr. Nathaniel Grew, A.I.C.E.,” 
which was sent to Moscow and intended for use 
“*on the frozen rivers and inland lakes for the 
transport of tallow and other goods from the 
interior during the long winter season.” The 


constituent firms of the North British Loco. 
motive Company, Ltd., in 1861. This locomotive 


is known to have performed a regular mail and 


passenger service between St. Petersburg and 
Cronstadt, hauling a train of three railway 
coaches mounted on sleigh irons. The crack was 
cleared and provided with telegraph wires and 
signals, though the locomotive <ometimes 
travelled into the country on sleigh rade A 
single pair of driving wheels of 5ft diameter were 





Fig. 1—Ice locomotive designed by Mr. Nathaniel Grew and sent to Moscow in 1861 


article from which these words are quoted gave 
no clue as to the makers. We reproduce the 
engraving again in Fig. 1. This locomotive had 
4ft diameter wheels and cylinders 6in diameter 
by 16in stroke. Steam pressure was 100 Ib per 
square inch. The feed water tank had a capacity 
of 100 gallons and its contents could be kept from 
freezing by a steam jet. 

The appearance of the Christmas card has 
encouraged Mr. Crow, chief managing director of 
the North British Locomotive Company, Ltd., 
to send us the photograph reproduced in Fig. 2. 
It illustrates an ice locomotive built by Neilson 
and Co., a firm which later became one of the 


actuated by two cylinders of 10in diameter by 
22in stroke. The connecting-rods drove an 
intermediate shaft on which were the eccentrics, 
and this was connected to the drivers by coupling 
rods. The grip of the driving wheels was in- 
creased by steel spikes projecting from the rim. 


The front of. the engine was carried on a sleigh 


with interposed springs. An unusual loco- 
motive feature was the front steering platform, 
where the steering was done by worm gearing 
that turned the sleigh round a pivot near its end. 
In working trim the engine weighed 12 tons. A 
model of this engine is to be seen in the Transport 
Section of South Kensington Science Museum. 


Fig. 2—Ice locomotive built by Neilson and Co. in 1861 for hauling teams of sledges on the frozen 
rivers of Europe 
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Engravings of 1857 
C0» 
tive 
and American steam locomotives have 
and had an appearance distinctively SCALE. 
a different from those made in this quegense. 2 2 «2 4 3 4 ¢ ¥ 5 4am, 
vay country. The difference seems to have 
was heen more distinctive in the past, to 
and from the engraving alongside from 
nes our issue Of March 6,1857, The inverted 
A fond ar around the chimney was, of course, 
ere designed to catch sparks when a wood fire 
ng used. 
"The engraving below—from our issue of 
March 13, 1857—illustrates ‘‘ Maudslay’s 
Engines for Driving Screw 4 
This was a new invention. It will be 
observed that ‘‘an annular cylinder is 
immediately above the crankshaft 
and the power from the piston-rod cross- 
head is from above the 
cylinder to the crank by means of a 
connecting-rod passing downwards through a Ss LA 
the central or inner cylinder.” . 120 &. mec= 
Wy =m “ae 
On the left below there is an engraving 
from our issue of January 16, 1857. It 
** Method of Tipping Trenails at 
the Orwell Works, Ipswich.” By the 
process illustrated one man and a boy at 
ting 
blow drove the trenail into the box E, from 
which it fell into a hamper below. 
The last engraving, that on the right 
below, illustrates the ‘‘ Nautilus’ and 
appeared in our issue of June 19, 1857. 
ae es ace sae 
which, a few days previously, our 
sentative had had descended in Victoria Docks. 
y It was independent of connection with the 
n er Descent or 
ascent was as in a submarine, by 
, or “‘ blowing ” buoyancy tanks and 
d Ges team che goninins en albintait, so 


that a bottom door could be opened for 
work. to be carried out. Small capstans 
within the hull connected by chains or 
cables to anchors without enabled the 
device to be moved about in any desired 
direction. 
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Metallurgical Topics 


Vanadium 


VANADIUM, though known in its metallic form 
for more than a century .and used for the last 
fifty years as a ferro-alloy in the production of 
special steels, was first produced in a ductile con- 
dition in 1927. For some years. ductile vanadium 
metal has been obtainable commercially in 
America in a massive form for remelting as well 
as in.ingots, bars, sheet and foil. As the metal is 
readily oxidised at high temperatures, hot 
rolling requires the provision of a protective 
atmosphere ; or, without this, sheathing must be 
employed, the billet being enclosed in a mild 
steel or preferably stainless steel sheath. The 
commercial metal, made by reducing vanadium 
pentoxide with calcium, rolled and annealed at 
815 deg. Cent, has a tensile strength of about 
36 tons per square inch and an elongation of 
7 per cent. The purest vanadium, made by the 
iodide method, has a tensile strength of little 
more than 14 tons per square inch and shows a 
reduction of area of 75 per cent. The higher 
strength and lower elongation of the commercial 
vanadium are due to impurities. Contamination 
by the oxygen and nitrogen of the atmosphere 
may have a pronounced effect. For example, a 
forged block of vanadium may have an extremely 
hard case a fraction of a millimetre deep. In an 
instance reported,” a hardness of 700 was shown 
at 0-04mm from the surface falling to the normal 
value for the material 182 at 0-Smm. 

The remelting and casting operations are 
occasions for contamination of the metal, and 
C. E. Lacy and C. J. Beck’ have described a 
process whereby the ductile vanadium buttons 
produced by the calcium reduction process can 
be consolidated and reduced to shape by hot 
extrusion, thus eliminating the melting process. 
Tubes in o.d. by }in wall thickness could be 
extruded and then reduced by cold drawing to 
capillary dimensions. The tensile strength of 
extruded rod was about 27-5 tons per square 
inch with an elongation of over 31 per cent and a 
reduction of area of 60 to 70 per cent. Its hard- 
ness was 134. A reduction of 62 per cent by cold 
swaging raised the hardness to 179, anda 
reduction of 63 per cent raised it to 196. Soften- 
ing of the cold-worked material is illustrated in 
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Fig. 1—Effect of annealing temperature on the hard- 
ness of cold-worked vanadium (Lacy and Beck) 
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Fig. 1. The sharp fall in hardness starting at 
about 500 deg. Cent. was interrupted at 700 deg. 
to 800 deg. Cent., probably owing to precipitation 
of one or more of the contaminating elements. 
Starting with a calcium-reduced vanadium of 
about 22 tons per square inch, W. Rostoker, 
A. S. Yamamoto and R. E. Riley’ sought to 
improve its mechanical properties by alloying. 
Nearly all the forgeable binary alloys proved to 
have low tensile strengths and negligible tensile 
ductilities. Exceptions were the binary alloys 
containing up to 3 per cent of zirconium or up to 
50 per cent of titanium. An alloy containing 
2-5 per cent of zirconium could be reduced by 
90 per cent by cold rolling and could still be bent 
to nearly 180 deg. over a sharp mandrel. Addition 


of 3 per cent of silicon to this alloy raised its 
tensile strength to about 47 tons per square inch 
with accompanying fall in elongation to about 
10 per cent. The binary alloys with titanium 
showed increased strength with increase in 
titanium content, both at atmospheric and at 
elevated temperatures, in the manner illustrated 
in Fig. 2. Silicon has the most powerful effect 
on the 50 per cent titanium alloy. With 2 per 
cent of silicon the tensile strength rises to 95 tons 
per square inch with 12-5 per cent elongation. 
Even greater strength is obtained with higher 
silicon, though with almost zero elongation. 
The strength at raised temperatures of the 50 per 
cent titanium alloy is, however, greatly improved 
by the addition of 5 per cent of silicon, the next 
best results being obtained with aluminium or 
chromium. It was found that the vanadium- 
titanium-aluminium alloys could equally well be 
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Fig. 2—Comparison of hot tensile strengths of vana- 
dium-titanium alloys (Rostoker, Yamamoto and Riley) 


prepared from vanadium made by the alumino- 
thermic reduction of vanadium pentoxide. Above 
500 deg. Cent. all the alloys showed a sharp 
progressive drop in strength. Although the 
strength of unalloyed vanadium is relatively low, its 
rate of decrease with rising temperature is also low, 
so that the metal and all its alloys converge to 
about the same strength at 900 deg. Cent. In 
considering the use of vanadium alloys at high 
temperatures it must be borne in mind that 
suitable preventive measures must be taken 
against oxidation. At about 675 deg. Cent. the 
oxide formed on the surface melts and cata- 
strophic oxidation occurs. 

It would appear from these results that the 
most promising alloys of vanadium are those 
based on 20 to 50 per cent of titanium with some 
third, or third and fourth, addition. Carbon 
additions of up to 0-5 per cent were shown to 
improve forgeability but to have little influence 
on the mechanical properties. 

REFERENCES 
2 American Society for Metals, Annual Convention, 1955, 


Preprint No. 37. 
? Ibid., Preprint No. 38. 


American Society for Metals 


RATHER more than half the papers presented 
at the thirty-seventh Annual Convention of the 
American Society for Metals in October, 1955, 
dealt with engineering steels, mainly of the 
stainless and heat-resisting varieties. The papers 
on non-ferrous subjects, on the other hand, did 
not deal with the usual engineering alloys but 
(apart from a few of interest mainly to workers 
in physical metallurgy) with alloys of the rarer 
metals which have attained importance on 
account of their high-temperature applications 
and utilisation in atomic energy projects. 


CARBON AND Low ALLOY STEELS 


The banded structures in steels, which often 
have such an important influence on transverse 
properties, form the subject of one paper (20).* 


* The figures in parentheses refer to the number of the 
American Society for Metals, 1955, preprint. 





Visible banding is developed during the Change 
from austenite to ferrite and pearlite. The 
pattern of nucleation and growth of ferrite and 
pearlite is determined primarily by the Aggregate 
effect of chemical heterogeneity on carbon segre. 
gation. Homogenisation can be effected by 
prolonged annealing, e.g. 100 hours at 1200 d 
Cent., but a comparison of the properties of 
banded and homogenised low-alloy stcel after 
hardening and tempering showed that only 
transverse ductility was improved, and this not 
to any very great extent. 

The threads of some commercial bolts are 
formed by cold working, and the effect of this 
cold work on hardened and tempered chromium. 
molybdenum steel, containing carbon 0-35, 
chromium 1-5 and molybdenum 0:5 per cent, 
was investigated (16). The conclusion was 
that rupture and creep strength were improved 
up to 370 deg. Cent. and were unaffected at 
540 deg. Cent. At intermediate temperatures, 
rupture and creep strength were lowered by 
critical amounts of cold deformation (8 to 15 
per cent) but beyond these values increased 
strength was obtained. 

The optimum boron content for hardenability 
has been determined in a 0-5 per cent carbon 
steel (19). The maximum effect was obtained 
in a steel containing 0-00033 per cent of effective 
boron, i.e. boron not tied up in stable compounds 
such as nitride or carbide. This amount js 
believed to be the limit of boron solubility at a 
temperature of 845 deg. Cent. The addition of 
less than 0-0005 per cent boron would, however, 
result in erratic hardenability and the common 
practice of adding 0-001 to 0-003 per cent boron 
gives a dependable hardenability effect if proper 
care is taken to protect the boron addition. 

Hardened and tempered nickel-chromium- 
molybdenum steels (nickel 1-9, chromium 0°8, 
molybdenum 0-2 per cent) were found to be 
improved at high strength levels (125 tons per 
square inch tensile strength) by the addition of 
1-5 per cent silicon, but the improvement was 
not maintained with higher tempering tempera- 
tures (9). The 0-25 per cent carbon steel with 
1-5 per cent silicon had similar tensile properties 
to the 0:40 per cent carbon steel with normal 
silicon content (under 0-3 per cent), but was 
superior to the 0-40 per cent carbon steel in 
notch toughness at the same tensile strength. 
The highest practicable tensile strength in the 
0-25 per cent carbon, 1-5 per cent silicon alloy 
steel was 110 tons per square inch, but with the 
0-40 per cent carbon, 1-5 per cent silicon steel a 
tensile strength of 133 tons per square inch was 
attainable with an elongation of 6-5 per cent and 
a Charpy “‘ V ’’-notch impact figure of 14ft-Ib. 

Other papers dealt with “ static fatigue” of 
high-strength steel determined by applying loads 
to notched tensile specimens for prolonged 
periods and measuring time to fracture (31), 
comparison of fatigue and torsion test results on 
hardened and tempered low alloy steels (10), 
and calculation of the hardness of tempered 
martensite in carbon and low alloy steels from 
their chemical composition (12). 


12 PER CENT CHROMIUM STEEL 

The effect of tempering temperature on stress 
corrosion and hydrogen embrittlement of 12 per 
cent chromium steels was investigated (30). 
Maximum susceptibility to cracking under stress 
in 5 per. cent sodium chloride spray and to 
embrittlement when charged cathodically with 
hydrogen, resulted from tempering at 425 deg. 
to 540 deg. Cent. At high levels of hardness, 
minimum susceptibility to cracking by hydrogen 
embrittlement was obtained by tempering at 
260 deg. Cent. Delta ferrite minimises the ten- 
dency to stress corrosion cracking by narrowing 
the range of tempering temperatures which 
produce susceptibility and by interfering with 
crack propagation. 

Castings of 12 per cent chromium steel, 
normalised and tempered to a tensile strength of 
40 tons per square inch, used for ships’ propellers, 
water turbine wheels, &c., are susceptible to 
brittle failure at service temperatures. Experience 
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jving brittle fracture, particularly of pro- 
, has indicated the need for improved 
notch Cuctility. The castings usually contain 
about 1 per cent of silicon... It was found (3) 
that the addition of about 0-7 per cent of 
molybdenum and nickel and lowering the silicon 
jo approximately 0-5 per cent resulted in material 
highly resistant to brittle fracture at low winter 
temperatures. The minimum transition tem- 
ture, measured by a drop weight test, was 
obtained after tempering the normalised steel 
at 700 deg. Cent. Transition temperatures 
pelow —6 deg. Cent. were obtained only in 
heats containing both nickel and molybdenum. 
Addition of nickel alone was ineffective, but 
nickel in combination with molybdenum was 
peneficial, especially in heavy sections. 
A similar subject was discussed in a paper on 
the influence of alloying elements on the impact 
ition behaviour of 12 per cent chromium 
steels held for 10,000 hours at 480 deg. Cent. (1). 
An increase in transition temperature in notched- 
bar impact tests after this treatment was 
invariably observed in the straight chromium 
steels.. The addition of 0-1 per cent of titanium 
did not consistently. lower the initial. or final 
transition temperature, but 0-5 per cent of 
molybdenum greatly reduced, and the combined 
addition of molybdenum and aluminium appeared 
to eliminate, the increase in transition tempera- 
ture. The chromium-molybdenum-aluminium 
steel is thus suitable for use at 480 deg. Cent. 
though the initial and final transition tempera- 
tures were at 15 deg. to 25 deg. Cent., according 
to chromium content. For cold weather use, 
however, when a low transition temperature is 
of primary importance, the 12 per cent chromium 
steel with aluminium only (0-25 per cent) and a 
transition temperature of about —30 deg. Cent. 
appeared to offer an advantage. 


AUSTENITIC STAINLESS STEELS 


The ductility of 18 : 8 and 25 : 20 chromium- 
nickel steels has been determined in tensile 
tests over a range of rates of strain from 0-Olin 
per inch per minute up to 19,000in per inch per 
minute and over a range of temperature from 
—196 deg. to +400 deg. Cent. (4). Ductility 
drops as the rate of strain is increased, the fall in 
ductility with increase in rate of strain being 
greatest at room temperature. At slow rates 
of strain the ductility reaches a maximum at 
room temperature. At high rates of strain it 
increased steadily as the temperature of testing 
was raised. The reason for this behaviour is 
obscure, but reasons are given to show that it 
is not to be explained by a y—>« transformation 
such as accompanies plastic deformation of the 
18:8 (but not the 25 : 20) steel at room tem- 
perature. 

The influence of chemical composition and 
heat treatment on the structure and corrosion 
resistance of 25:22 and 25:20 chromium- 
nickel steels has been investigated (8), and the 
effect of variations in composition on the creep 
rupture properties of 18 : 8, and of cold working 
on the high temperature properties of the 
columbium-stabilised type of a similar steel 
form the subject of other papers (6, 2). ‘As an 
alloying element in the austenitic matrix chro- 
mium had an important strengthening effect at 
temperatures up to 700 deg. Cent., but it was 
detrimental to high temperature strength when 
it promoted the formation of massive sigma. 
The initial precipitation of this phase resulted in 
improved strength but its subsequent growth at 
the grain boundaries had a weakening effect (6). 

Radioactive tracer methods have been used 
to assist in explaining the effect of the addition 
of rare-earth elements to austenitic steels (18). 
Cerium and neodymium atoms were found to 
be slightly concentrated in the interdendritic 
zones of the as-cast material, but heat treatment 
at forging temperatures tended to homogenise 
the mass and in the annealed steel they were 
uniformly dispersed throughout the matrix. 
There was no evidence of any concentration of 
these atoms at grain boundaries or within non- 
metallic inclusions. 


NITROGEN AS AN ALLOYING ELEMENT 


Two papers dealt with nitrogen in austenitic 
stainless steel free from nickel (7, 5). Combined 
addition of carbon and nitrogen (up to.0-7 per 
cent) can convert steels with chromium between 
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21 and 33 per cent to a completely austenitic 


structure which can be retained by rapid cooling. 
Completely austenitic structures have been 
produced by casting, by nitr ising lower 
nitrogen alloys and by pow metallurgy 


techniques (7). The creep rupture properties of 
high nitrogen chromium-manganese austenitic 
steels have been determined (5). A different 
effect of nitrogen is described in a paper on the 
inhibition of graphitisation of steel (17). Speci- 
mens of cold-rolled high-carbon steel strip, 
representing eight heats, were heated at 1035 deg. 
Cent. for six hours in nitrogen or helium, or for 
two hours in hydrogen, then quenched to form 
martensite and heated for ten days at 650 deg. 
Cent. in a vacuum. All the specimens heated in 
hydrogen, and all but one of the specimens 
heated in helium graphitised, but none of the 
specimens heated in nitrogen (which was increased 
from 0-005 to about 0-014 per cent) showed 
graphitisation. Chemical analysis suggested 
that heating in hydrogen had increased suscept- 
ibility to graphitisation by reducing the nitrogen 
content to 0-003 per cent. ‘ : 


Non-Ferrous ALLOys 


One paper dealt with the effect of vibration on 
the behaviour of an aluminium alloy during 
solidification (23). There were others on 
titanium and its alloys, alloys of zirconium, 
molybdenum, tantalum and vanadium, as well 
as some more closely concerned with metal 
physics. 


Vapour Plating 


Vapour plating is a term used to describe 
methods of coating a solid by the agency of a gas, 
as opposed to electrodeposition, hot dipping, 
spraying, &c. It includes physical processes 
such as vacuum metallising, and chemical pro- 
cesses such as hydrogen reduction or thermal 
decomposition of metal halides at heated surfaces. 

Physical methods are used in the production of 
coatings on various electronic devices, of 
aluminised mirrors and of semi-transparent films 
of metal employed as optical filters. Deposition 
of metal by cathode ray bombardment or 
“* sputtering ’’ is less used to-day than evapora- 
tion or distillation processes. 

In the physical process metal vapour is con- 
densed on the work which is kept at a much 
lower temperature than the metal source. In 
the chemical process the material is transported 
as a gaseous compound, from which the coating 
is obtained by a chemical reaction at the surface 
of the sample, which is hotter than the source of 
the reacting vapour. 

A book by C. F. Powell, I. E, Campbell and 
B. W. Gonser, entitled ‘“‘ Vapor Plating ’’ (but 
dealing solely with the chemical processes) has 
been sponsored by the Electrochemical Society 
and is published in this country by Chapman and 
Hall, Ltd. Methods of production of a wide 
range of metallic coatings are described and the 
mechanism of some of the processes is discussed 
and explained in the light of thermodynamic and 
kinetic studies. 

Coating of metals by metals is mainly employed 
to enhance resistance to corrosion, to produce a 
surface having definite electrical or magnetic 
characteristics, and sometimes purely for decora- 
tive purposes. It usually involves the use of a 
volatile metallic compound, often a chloride or 
iodide, to act as a carrier. This is decomposed 
at the surface of the basis metal either by thermal 
dissociation or by reduction in an atmosphere 
containing hydrogen or, in some cases, by 
replacement of basis metal atoms by those of the 
coating metal. 

In the provision of hard surfaces to resist 
wear and refractory surfaces for high-temperature 
service, metallic coatings are of less importance 
than surfaces consisting of metallic compounds. 
In high temperature service a very refractory 
coating on a less refractory base is often prefer- 
able to a refractory. metal alone. The authors 
therefore deal with the deposition from gaseous 
compounds, not only of metals but also of 
carbides, nitrides, borides, silicides and oxides. 

Coatings of carbides are valuable mainly for 
their hardness and wear-resisting properties. 
Though they have high melting points they are 
not usually stable in air at high temperatures. 
Full use of the refractory nature’ of the high 


te 


133 






melting point nitrides, e.g. those of titanium, 
zirconium, &c., can be made only in a nitrogen 
atmosphere. The nitrides decompose slowly at 
high temperatures in a neutral atmosphere and 
more rapidly in a vacuum. 

Borides have a high melting point, but the 
refractory nature of a boride surface is dependent 
on the melting point of the basis metal—boron 
eutectic. They also have extreme hardness and 
high electrical conductivity at all temperatures, 
and are specially useful for bearing surfaces or 
surfaces subject to wear at high temperatures (at 
which their normal brittleness is somewhat 
reduced) and for stable and long-lived thermionic 
emitting surfaces. 

Silicides are particularly useful as protective 
coatings in systems exposed to air or oxygen at 
1000 deg. to 2000 deg. Cent, since their oxidation 
product contains the non-volatile refractory 
oxide, silica. They are not so useful in a vacuum 
on account of the volatilisation of silicon, which 
becomes considerable above 1500 deg. Cent. 
The resistance of refractory metal silicides to 
oxidation in air at high temperatures is out- 
standing. A coating of molybdenum silicide on 
molybdenum will protect the underlying metal 
from oxidation during heat-treatment at tempera- 
tures up to 1500 deg. Cent. An uncoated 
molybdenum filament will fail in less than a 
minute at 1700 deg. Cent., but one coated with 
molybdenum silicide may last for thousands of 
hours. The most protective coating consists of 
MOSi, (silicon 37 per cent). If the silicon falls 
below 12 per cent (Mo.Si) the layer ceases to be 
protective. Silicide coatings possess unusually 
good resistance to corrosion. Siliconised iron’ 
resists chemical corrosion if the silicon content of 
the coating is at least 14 per cent to 15 per cent, 
but is not very resistant to high temperatures as 
the coating shows considerable cracking and 
spalling at 1000 deg. Cent. 

Oxide coatings take the form of silica, alumina- 
zirconia and chromium-chromic oxide deposits, 
but the vapour deposition of thick refractory 
oxide coatings has not yet been developed on a 
large scale. 


Phase Transformations 


A SYMPOSIUM on the “ Mechanism of Phase 
Transformations,” organised by the Metal 
Physics Committee of the Institute of Metals, 
was held on November 9, 1955. In opening the 
symposium, the president of the Institute of 
Metals (Dr. Maurice Cook) referred to the forma- 
tion of the Metal Physics Committee in 1944, 
and to the fact that recent years had witnessed 
a tremendous increase in the fundamental study 
of metallurgical problems. From this, metal 
technology had already benefited and would 
profit still more in the future. 

The symposium took the form of a ‘discussion 
of two aspects of the subject of phase transforma- 
tions, nucleation and growth processes which 
involve diffusion, and the martensitic type of 
transformation involving.a homogeneous distor- 
tion of the crystal lattice from that of one phase 
to that of another. A series of review articles, 
which dealt with these two aspects of the subject 
and served as an introduction to the discussion, 
was issued by the Institute of Metals and is 
available (price 10s.), and a full report of the 
symposium will be published in due course, 





LarGe STEEL CastING.—A note received from the 
English Steel Castings Corporation, Ltd., Sheffield, 
gives some iculars of the manufacture of a com- 
plicated 142-ton ““C” frame casting for a shear 
being built by the Davy and United Engineering 
Company, Ltd., for the new blooming and slabbing 
mill plant at Lackenby. This steel casting, stated to 
be one of the most complicated heavy steel castings 
yet built in this country, was about 26ft long, 12ft 
wide and 8ft deep. For the casting a mould with its 
complicated arrangement of rye | cores was made 
in a pit 35ft long, 17ft wide and 10ft deep. 
involved in core-making and moulding accounted 
for some 1800 man-hours, and it took four weeks to 
dry out the moulds. main casting operation 
took about half an hour during which time three 
ladles simultaneously poured a total of 198 tons of 
steel into the mould. Subsequently, a further 25 tons 
of metal were added to the twenty-one feeder heads. 
The casting was left in the mould for four weeks to 
cool. . 
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Cylindrical Silos for Storing Refined 
Sugar 


Two reinforced concrete silos have been built at Poppleton, York, for storing 


refined sugar. 


They have a capacity of nearly 16,000 tons. Construction was 


beyond the scope of normal.practice with sliding formwork, and involved several 
innovations, including the use of newly developed hydraulic jacks. 


A RECENT trend in the business of refining 
and marketing sugar has been the introduc- 
tion of bulk storage and handling of the refined 
product, in preference to handling it in bags. 
Several bulk storage silos have been constructed 
on the Continent and in the United States, thus 
demonstrating the practicability of storing 
tefined sugar in this manner. The first bulk 
storage silos to- be constructed in this country, 
which are of unusually large size, were completed 
recently for the British Sugar Corporation, Ltd., 
at its works at Poppleton, York. 

The two silos at Poppleton are each 66ft in 
diameter, without any dividing walls in the 
interior, and are 109ft -high from floor to roof. 
It was possible to use the climbing or sliding 
shutters normally associated with grain silos 
for their construction, but the dimensions and 
conditions i some new problems requiring 
some originality in their solution. First of all, 
the use of a wall of uniform thickness—in this 
case 8in—for a silo 66ft in diameter and 109ft 
high was only made possible by prestressing 
the cylinder to resist the hoop tensions due to the 
stored material. Thus the exterior is prestressed 
by 0-276in diameter wires, using the Gifford- 
Udall system with anchorages at opposite ends 
of a diameter, the anchorages being alternated 
between two diameters at right angles, to give 
even distribution of stress. The wires are covered 
with a layer of Gunite concrete. 

The use of prestressing entailed a higher quality 
concrete (5000 Ib per square inch cube strength 
at twenty-eight days), and, hence, a drier mix 
than is normally used for sliding-shutter con- 
struction. A problem to be considered, there- 
fore, was whether or not the shutters would stick. 
A faster rate of climb than usual was specified and 
rigid control of concrete consistency and rate of 
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Two completed silos for storing refined sugar. Scaff 


climb were maintained to overcome this difficulty. 

Grain silos generally consist of a number of 
relatively small rectangular compartments, but 
here a cylinder 66ft in diameter had to be main- 
tained true to shape. It was therefore decided 
to build the roof steelwork at ground level and 
carry it up with the shuttering, so that the shutter- 
ing was always held by this stiff circular assembly. 
The conveyor bridge incorporated in the roof 
imposed uneven loading, which caused some 
difficulty on the first silo. On the second silo 
jacks were used in tandem under the heavier 
loads. with success. Special measures were 
necessary to check levels continuously and 
correct divergencies. The experience gained 
made it possible to forestall difficulties on the 
second silo, which rose steadily at an average 
rate of 93in per hour throughout. The illustra- 
tions herewith show the silos at full height, and 
constructional work in progress. 


HYDRAULIC CLIMBING GEAR 

Hydraulic jacks for sliding shuttering have, 
up to now, been used under a foreign patent, we 
understand, but a British system for this class 
of work received its first large-scale application 
in the construction of the Poppleton silos. The 
basic element, the climbing jack, is shown in the 
accompanying drawing, and the jack is shown in 
usein theillustration, herewith. In this illustration 
the way in which the jack grips the climbing rod, 
which passes through its centre, is clearly shown, 
and the yokes attached to it, and the main 
members of the formwork which they carry, may 
be noted. 

The climbing jack consists essentially of two 
sets of grips which are automatic in action and 
mounted in the cylinder assembly of a hydraulic- 
ally operated annular piston. Provision is made 
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Hydraulic jack for climbing shuttering. Note the 
climbing bar, through the centre of the jack, and 
the shutter assembly carried by the lugs of the jack 


for the climbing rod to pass through the centre 
of the jack and between the jaws of each pair of 
grips. The upper set of grips is attached to the 
jack casing, the lower set being attached to the 
underside of the hydraulic piston. When oil 
under pressure is supplied to the jack the piston 
tends to move downwards out of the cylinder 
which is integral with the case. Since, however, 
the lower grips prevent the piston moving in 
this direction (because of their automatic engag- 
ing action with the climbing rod), the cylinder 
and upper grips move up the climbing rod and 
in so doing lift the applied load attached to the 
case of the jack. On the completion of the 
lifting stroke, when the oil pressure is released, 
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Hydraulic jack for construction with sliding formwork 
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the case assembly cannot descend because of the 
automatic engagement of the upper grips on the 
climbing rod. The piston and lower grips there- 
fore move upwards under the action of return 
springs and in so doing exhaust the oil from the 
cylinder. The piston is thereby returned into the 
upper end of the cylinder ready for the next 
lifting cycle. 

The grips are made of alloy steel, heat-treated. 
They are designed for use on lin diameter mild 
steel or high-tensile steel cold-finished climbing 
rods. The grips can be rendered inoperative 
by a key-operated mechanism to free the climbing 
rod. All the working parts are totally enclosed. 
Two oil connections are provided on the jack, 
one carrying an isolating valve (which, in turn, 
connects with the hydraulic supply main), and 
the other carrying a booster connection in the 
form of a self-sealing quick coupler, for use with a 
booster pump, which can be coupled in and used 
to correct a jack which is lagging behind. 

The normal working load of a jack is 2 tons, 
and its maximum load 3 tons. The maximum 
hydraulic pressure is 1000 Ib per square inch, the 
lifting stroke lin, and the weight of the jack is 
45 Ib. 

For each of the two silos, forty jacks were 
spaced round the circumference to support and 
raise the deadweight and frictional loads totalling 
80 tons. All the hydraulic gear—power pump 
Units and booster pumps—is carried up on the 
scaffold as the work proceeds. 


DESIGN OF SILOS 


The pressure which the silo walls have to 
withstand was, we understand, ascertained from 
tests carried out by the contractor, in which the 
telationship between pressure and silo diameter 
was investigated. 

The two silos will together hold 15,000 to 
16,000 tons of refined sugar. A conveyor bridge 
runs across the roof of each of them, from which 
Sugar is supplied at a number of points across 
the silo. The conveyors are themselves supplied 
with sugar from an-elevator tower, built, largely 
al precast concrete units, on the axis of the 
SHOS 

Successful operation of the. silos depends on 
control of temperature and humidity (there are 
thus lagging materials in the silo roofs), and on 
keeping a comparatively level surface on the 
stored sugar, which should. also be kept slowly 
moving, as far-as operating conditions allow. 
Thus, it can “be drawn off from ninety-four 
points in a bagement under the silo floor, where 
there is furthersconveyor plant. . The silo floor 
is carried on ‘substantial reinforced concrete 
Clumns—18in square and 9ft 6in tall, spaced at 
8ft centres—and on a wall 12in thick round the 
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formwork. The roof steelwork and climbing jacks are shown. A 
”* of 109ft was completed after five-and-a-half days’ continuous work 


circumference. Below these columns is a rein- 
forced concrete base slab 2lin thick, carried on 
Franki piles, averaging 25ft in length, of which 
there are altogether 483. There is no special 
finish for the interior concrete walls of the silo. 
The sugar moves so slowly that abrasive action 
is thought to be unlikely, and the normal 
surface of a good quality concrete is considered 
satisfactory. 

The silos have been built for the British Sugar 
Corporation, Ltd., by John Laing and Son, Ltd., 
these two firms collaborating in the design work. 
Mr. C. Parry advised on the sliding formwork, 
and the hydraulic jacks and equipment, described 
in some detail above, were designed and made by 
Tangyes, Ltd. 





Pontop Pike V.H.F. Broadcasting 
Station 

BROADCASTING services with frequency- 
modulated v.h.f. equipment started at Pontop 
Pike, near Newcastle upon Tyne, and at Wenvoe, 
near Cardiff, on December 20th. Since Wenvoe 
is at present transmitting only the Welsh 
Home Service, Pontop Pike is the first v.h.f. 
(f.m.) station to be commissioned in permanent 
form since the service was inaugurated on May 
2nd, when the Postmaster-General opened the 
Wrotham transmitting station. It will be 
recalled (THE ENGINEER, May 6, 1955, pages 
626-627) that the B.B.C. intends to provide a 
v.h.f. broadcasting service. giving extended 
coverage, . reduced interference and improved 
quality of reception, based on experience gained 
from a series ofexperimental transmissions from 
Wrotham, between June, 1950, and March, 1955. 
This scheme is to be implemented in two stages ; 
the first was approved by the Postmaster-General 
in July, 1954, and provides for stations at 
Wrotham, Pontop Pike, Wenvoe, Divis (N. Ire- 
land), Meldrum (N.E. Scotland), Norwich, 
Dartmoor, Holme Moss, and Sutton Coldfield. 

At Pontop Pike the v.h.f. station occupies 
the same site as the television station. It will 
bring interference-free reception of the three 
domestic sound services within reach of some 
23 million people in North-East England, 
extending approximately to Wooler, Bellingham, 
Haltwhistle, Middleton-in-Teesdale, Ripon and 
Pickering, and thus covering most of the counties 
of Northumerland and Durham, and the greater 
part of the North Riding of Yorkshire. 

The transmissions will be horizontally polarised 
and will be on the following frequencies : North 
of England Home Service, 92-9 Mc/s; Light 
Programme, 88-5 Mc/s; Third Programme, 
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90-7 Mc/s. The effective radiated power on each 
programme service will be 60kW. For this 
service there are six v.h.f. transmitters, each of 
5kW output power, which operate in pairs, one 
pair for each programme. They are housed in 
the same building as the television transmitters. 
The v.h:f. transmitters use the “FMQ” 
frequency modulation system and duplicate 
“ FMQ”’ transmitter drive units, fed simul- 
taneously with the appropriate programme, are 
provided for each programme service. Auto- 
matic changeover arrangements ensure that 
either drive may be selected with the other acting 
as spare. Automatic equipment is provided to 
ensure that the outputs of ‘the two transmitters 
on any one programme are correctly phased. 
As the v.h.f. station is designed to run virtually 
unattended, the transmitters are switched on and 
off by time switches and automatic monitoring 
equipment is installed. The associated fault 
indicator panel and alarm system have been 


“designed to call attention to any faults which 


develop during transmission, and to give warning 
if the equipment is not in a suitable condition for 
automatic operation. 

The v.h.f. aerial system is carried on the same 
mast as the television-aerials and consists of a 
cylinder in which there are thirty-two slots 
arranged in eight tiers of four, giving a power 
gain factor of 6/1. The cylinder, which consists 
of prefabricated slotted quadrants of aluminium 
sheet bolted together, is 6ft 9in in diameter and 
90ft long and is built round the square section 
lattice steel mast with its centre 296ft above 
ground level. The aerial and distribution 
feeders, together with the associated matching 
networks, were designed, installed and matched 
by the B.B.C.’s planning and installation depart- 
ment.- . Specially designed notch filters are 
included in the feeder system to reduce the possi- 
bility of spurious radiation caused by inter- 
modulation between the Home, Light and Third 
programme transmitter outputs. 

The station building at Pontop Pike stands on 
an 114-acre site, 1000ft above sea level, to the 
south-east of the Gateshead-Consett road, about 
9 miles south-west of Newcastle upon Tyne. 
Because of the risk of subsidence the building is 
carried on a number of pedestals supporting a 
system of r.c. beams and cross ties on which the 
walls are erected. The same system also supports 
the floors of the office block. In the transmitter 
halls the equipment is carried on individual 
bases. The area between these bases is filled by 
precast r.c. floor beams. Expansion joints, 
giving freedom for adjacent sections to rise, fall 
or tilt, are provided in the main walls, the whole 
building being divided up by this method into 
eight separate parts, any one of which can move 
independently of the others should subsidence 
occur. Special precautions have had to be taken 
in the installation of pipes, cables and drains to 
allow for movement between the various sections 
of the building without damage to the internal 
wiring and services. The roof, which is also in 
separate sections, is constructed from precast 
beams carried on rolled steel joists supported by 
stanchions rising from the reinforced concrete 
base beams. 

The normal power supply to the station is at 
415V, three. phase, 50 c/s from-a 300kVA trans- 
former installed by the North Eastern Electricity 
Board in a compound adjacent to the transmitter 
building. This transformer is fed from the 
Board’s local 22kV network. A standby supply 
from the Board with a capacity limited to 40kVA 
is provided from a transformer in the nearby 
G.P.O. television radio link transmitter site. 
This transformer is fed from the Board’s 3-3kV 
local network. Supplies for the v.h.f. f.m. 
transmitters and programme input equipment are 
controlled by automatic voltage regulators, 
which ensure a constant voltage +1 per cent 
irrespective of normal variations in the incoming 
supply pressure. 

The main.contractors are as follows: v.h.f. 
transmitters, combining circuits and feeders, 
Marconi’s -Wireless Telegraph Company, Ltd.; 
low-voltage. switchgear, English Electric Com- 
pany, Ltd.; wiring of building, W. J. Furze and 
Co., -Ltd.; wiring of mast, B. French and Co., 
Ltd.; roads and buildings, Gee, Walker and 
Slater, Ltd.; mast, British Insulated Callender’s 
Construction Company, Ltd. 
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Diesel-Engined Trawler “Pioner” 


On January 13th, the motor trawler “* Pioner,” which is the first of twenty such 

vessels ordered from Brooke Marine, Ltd., for the U.S.S.R., was officially handed 

over upon the completion of sea trials. The ship has a length between perpendiculars 

of 171 ft 9in,*is propelled by a Mirrlees diesel engine of 1100 h.p., and has fish 
holds having a capacity of about 15,000 cubic feet 


he our issue of August 13th, 1954, we published 
an article describing the modern shipyard 
which was in course of construction for Brooke 
Marine, Ltd., at Lowestoft, on the site of the 
company’s South Yard. The scheme envisaged 
the building of ships on the basis of prefabrication 
in units weighing up to a maximum of 10 tons, 
and included berths arranged so that ships would 
be launched upstream or downstream. There 
are five building berths, two 225ft long, two 255ft 
long, and one 322ft long, served by 10-ton 


built under the supervision of Lloyd’s Register 
of Shipping, and incorporates special strengthen- 
ing of the hull rudder, shafting and propeller 
for navigation in ice, has a well-flared bow, a 
cruiser stern and a streamlined superstructure. 
Our illustration shows the ship running sea trials 
and the following are the main dimensions :— 
Length overall, 189ft 9in ; length between per- 
pendiculars, 171ft 9in ; breadth moulded 32ft. 
and depth moulded 16ft. 

The hull is of flush deck design, with forecastle 


Motor trawler ‘‘ Pioner ”’ on trial 


. 


““ Monotower”’ cranes, and also a combined 
building berth and dry dock. 

Since our visit in 1954 the shipbuilding berths, 
fitting out basin and ancillary equipment have 
been completed and work has proceeded on the 
construction of the twenty diesel-powered 
trawlers which Brooke Marine, Ltd., has 
designed for the V/O Sudoimport, U.S.S.R. 
Five of the ships have now been launched and 
the first trawler after running successful trials 
in December was officially handed over to her 
Russian owners at a special ceremony on Friday, 
January 13th. The trawler, which has been 


and plated in stern, and subdivision is effected 
by four watertight and two oiltight bulkheads. 
These form, starting from forward, the fore peak, 
which is arranged as a ballast tank ; the crew 
accommodation on a flat with trawl store under ; 
two fish holds ; the cod liver oil tank and fish 
meal plant and stowage ; diesel and boiler oil 
tanks ; the machinery space, and the aft peak, 
which is a dry tank. A double bottom extends 
from the fore peak bulkhead to the engine-room 
and the tanks under the fish holds and trawl 
store carry fresh water and boiler feed water, 
the total capacity being 53 tons, while the remain- 
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ing tanks under the deep tanks and fish meal 
compartment are arranged to carry <dditiongl 
oil fuel. The main oil tanks are arranged 
athwartships immediately forward of the engine. 
room; the centre tank has a capacity <f 40 tops 
of boiler oil, while the wing tanks have a tota 
capacity of 95 tons of diesel oil and lubricating 
oil. Aluminium alloy supplied by 1.1. Aj. 
minium, Ltd., has been used for the co: struction 
of the bridge, wheelhouse and funnel, while the 
lifeboats, which are stowed under Schat dayits 
on the boat deck and are of forty-four persons 
capacity, are also of this. material. 

Mention has already been made of tz stiffen. 
ing embodied in the hull for navigation in ice 
but another great danger to thé ship i+ the logs 
of stability due to the formation of ice on the 
rigging and upperworks. The qucstion of 
stability under such conditions has bee:: :\iowed 
for in the design and the stability ca'ci:ations 
provide for the formation of 22 tons of ice in 
addition to allowances for wet nets 2nd the 
heeling effect of wind. It is understowd that 
under such conditions the vessel has a r:iige of 
static stability of 60 deg. To conti! the 
formation of ice and to help in its remova!, steam 
valves have been fitted in suitable positions on 
deck, together with hoses, while speciai steam 
de-icing arrangements have been made for the 
ship’s side valves. 


ACCOMMODATION AND ANCILLARY EQUIPMENT 


Accommodation of a high standard has been 
installed for officers and men and to provide an 
adequate degree of comfort, and to combat 
severe climatic conditions, the shell plating and 
external bulkheads have been insulated and a hot 
air heating system provided. The Darlington 
Insulation Company, Ltd., was responsible for 
the insulation and R. B. Stirling and Co., Ltd, 
designed and fitted the ventilation and heating 
system, which is capable of maintaining an 
internal temperature of about 65 deg. Fah. with 
the outsidetemperature at —22 deg. Fah. The 
captain has a suite on the bridge abaft the wheel- 
house and the chief engineer has his cabin on 
the main deck forward of the casing, while four 
double-berth and two single-berth cabins on the 
lower deck aft, all of which have hot and cold 
running water, are provided for the officers, 
One of the single-berth cabins is equipped so as 
to serve as the ship’s hospital. Four-berth and 
two-berth cabins on the lower deck forward and 
in the forecastle serve the crew and there are 
separate washplaces and drying rooms. Steam 
calorifiers provide the hot water, and the fresh 
and salt water supplies throughout the ship are 
provided by Drysdale Pneupress systems. The 
messes for officers and crew are in the deckhouse 
aft of the casing and the divisional bulkhead has 
a portable upper portion so that the two spaces 
can be combined to form a cinema. 

A Swinney oil-fired cooker and other labour- 
saving equipment is fitted in the galley, which is 
aft of the seamen’s mess and serves directly into 
it through a hatch. Both the wheelhouse and 


_ the bridge are fitted with modern aids to naviga- 


(Left), No. 1 fish hold, looking forward and showing the pounds and the aluminium alloy boards. (Right) Looking aft from the forecastle 
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tion, including Redifon wireless and direction 
finder, a Pye sound reproduction system, a 
pendix echo sounder, a Chernikeef log, and 
compasses by Henry Browne and Sons, Ltd. 
Steering is effected by a semi-balanced rudder 
and a Donkin electric-hydraulic gear, which 
provides for alternative hand steering from the 
bridge plus mechanical hand emergency gear in 
the steering gear compartment. An illustration 
shows the Clarke Chapman electrically driven 
windlass, whichis mounted on the forecastle and is 
suitable for 1 4,in diameter stud link chain cable, 


and is capable of lifting simultaneously two . 


Halls stockless bower anchors from a depth of 
263ft at about 30ft per minute. 


Fish PROCESSING PLANT AND HANDLING GEAR 


The two fish holds have a total capacity of 
14,830 cubic feet and have been insulated by the 
Miller Insulation and Engineering Company, 
Ltd., with Plastic X.1003 slabs, supplied by the 
Expanded Rubber Company, Ltd., and a lining of 
aluminium alloy sheet. Each space is divided 
into pounds, as shown in the illustration, by 
corrugated aluminium boards and divisions, 
which are interchangeable and are fitted into 
slotted aluminium alloy. posts. L. Sterne and 
Co., Ltd., manufactured the refrigerating plant. 
J. Robertson and Sons, Ltd., supplied the electric 
trawl winch, while Laurence Scott and Electro- 
motors, Ltd., manufactured the electric units. 
The winch has two barrels, each fitted with 
automatic and hand warp guiding gear, and each 
with a capacity for 1200 fathoms of 3in wire rope 
and capable of exerting a pull of 8 tons at a speed 
of about 197ft per minute, The winch motor 
which develops 175 b.h.p. at 600 r.p.m. is 
mounted independently in the forward end of the 





Trawl winch generator on port side of engine-room 


deckhouse, immediately abaft the winch, and 
operates from a Ward Leonard control generator 
placed in the engine-room. A magnetic brake 
having a hand release lever with extended control 
to the wheelhouse is, fitted to the motor. 

Aft of No. 2 fish hold is the fish meal plant, 
constructed by the Farrer Boilerworks, Ltd., 
which consists of a batch cooker/dryer, de- 
signed, to work under vacuum, and is placed 
above a circulating dryer complete with an 
external conveyor having a discharge chute. 
Both dryers, of cylindrical shape, are steam 
jacketed. One ton of raw fish can be handled .at 
One time and a hopper of this capacity is fitted 
on the main deck forward of the trawl winch. 
From the hopper the fish is discharged direct 
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into the cooker/dryer, where the breaking down, 
cooking and partial drying takes about 34 hours, 
after which the semi-processed material is trans- 
ferred to the circulating dryer. The final pro- 
cessing occupies less time than the semi-process- 
ing stage and the plant can deal with about 
6 tons of raw fish every twenty-four hours. 
Auxiliary boilers provide the necessary steam, 


the consumption being about 800 Ib per hour at a © 


pressure of 20 1b per square inch. The meal is 
bagged and there is stowage space for 35 tons 
arranged at the sides of the plant. 

At the forward end of the deckhouse is the 
liver processing plant, consisting of two steam 
boilers, which are gravity fed from a receiver. 
This is supplied with fish livers through a 4in 
bore pipeline by means of a screw pattern F.12 
Mono pump mounted on the main deck and 
having a capacity of 72 cubic feet per hour. After 
processing, the liver oil is filtered and then 
delivered to a 20-ton capacity storage tank which 
is immediately forward of the fish meal compart- 
ment. Also in the deckhouse is a liver canning 
plant, consisting of a semi-automatic vacuum 
double seaming machine, produced by the 
Premier Filter Press, Ltd., and a horizontal 
steam sterilising retort, having a capacity of 
about 430cans. Thecans are placed in galvanised 
lattice crates, which are arranged in six tiers in 
the retort. There is a stainless steel preparation 
table, a second set of 
crates to enable canned 
livers to be prepared 
while the first batch is be- 
ing sterilised, and special 
stowage arranged to take 
a total of 15,000 cans. 


MAIN PROPELLING 
MACHINERY AND ‘EN- 
GINE ROOM AUXILIARIES 


The ship is powered 
with a Mirrlees Mark 
K.S.S.D.M., eight-cylin- 
der, four-stroke, single- 
acting, airless-injection, 
turbo-charged, direct-re- 
versing oil engine, which 
has an output of 950 
s.h.p. and 1100 s.h.p. at 
255 and 265 r.p.m. re- 
spectively. Two engine- 
driven lubricating oil 
pumps supply oil under 
pressure to all moving 
parts and the forced 
lubricating oil system is 
operated on the drysump principle. In addition; 
there is a Hamworthy electrically driven standby 
lubricating oil pump. Closed fresh water cool- 
ing is employed, the water being circulated by an 
engine-driven pump and cooled in a_ heat 
exchanger, through which sea water is passed by 
another engine-driven pump having a by-pass to 
the engine jackets for emergency cooling and 
discharge overboard. As a standby to serve the 
main engine fresh and salt water cooling systems 
a Drysdale electrically driven pump is fitted and 
cross connected to the wash deck line and fire 
main. 

Our illustration shows the trawl winch 
generator which is on the port side of the engine- 
room and consists of a Ward-Leonard differen- 
tially compound wound generating unit, develop- 
ing 146kW, directly coupled to a Mirrlees Mark 
J.S.4 diesel engine of 380 b.h.p. at 750 r.p.m. 
Another generator of 53kW rating is mounted 
in line and direct coupled to an extension of the 
shaft of the larger generator, and about 3kW is 
used for excitation purposes, the remaining 50kW 
providing the main supply to the switchboard. 
A McLaren Mark M.4 diesel engine, developing 
.88 b.h.p. at 1000 r.p.m., drives a 50kW generator, 
and there is also a general-purpose set consisting 
of an 18kW generator driven by an M.2 McLaren 
diesel engine of 44 b.h.p. at 1000 r.p.m., with an 
air compressor having a capacity of 28 cubic feet 
per minute, fitted on an extension shaft from the 
generator and operated through a friction clutch. 
For easy starting of the main engine and winch 
generating set the fresh water from the 50kW 
and 18kKW generators is connected to the main 
éngine line. 

Other auxiliaries include an electrically driven 
Hamworthy air compressor, rated to deliver 
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28 cubic feet per minute at a pressure of 350 Ib 
per square inch, and a fire pump able to deliver 
9000 gallons per hour against a head of 164ft. 
A vertical Cochran boiler, burning heavy oil fuel 
and having an evaporation rate of 2200 lb per 
hour, is fitted and also a Clarkson thimble tube 
boiler which operates on diesel oil and engine 
exhaust gases, and has an evaporation of 440 Ib 
per hour. A steam distiller/evaporator having 
an output of 5 tons per day is also fitted. Forced 
draught ventilation requirements of the engine- 
room are met by means of two axial flow fans. 
They are mounted in the funnel and trunked 
down to the engine-room and besides providing 
air for the main engine and auxiliary machinery 
also ensure that the engine-room has twenty-five 
changes of air per hour. 





Portable Air Compressor 


A RECENT addition to the range, of portable 
air compressors made by the Atlas Diesel Com- 
pany, Ltd., Beresford Avenue, Wembley, Middx, 
is shown in the accompanying illustration. It is 
designed to give a free air delivery of 250 cubic 
feet per minute at 100 Ib per square inch, and is 
mounted on a pneumatic-wheeled chassis suitable 
for high-speed towing. The compressor is of 
monobloc design with a four-cylinder diesel 





Portable air compressor with monobloc four-cylinder diesel engine and 
two-stage compressor of 250 cubic feet per minute free air capacity 


engine arranged as a single unit with a two-stage 
compressor. 

With this engine-compressor design there is a 
single common crankshaft, and the unit is served 
by common pumps for the lubricating and 
cooling systems. The radiator fan also provides 
the cooling air for the compressor intercooler at 
the front end of the machine. A regulating valve 
used for the automatic unloading of the com- 
pressor also. provides a means of draining it of oil 
and water. An automatic exhaust-operated 
throttle which is fitted, is so balanced that it is 
opened by the flow of exhaust gases on starting 
and kept open whilst the machine is running. 
A large oil bath air filter fitted to the intake 
system ensures an adequate supply of clean air 
to both the engine and the compressor. The fuel 
oil filler is fitted with a strainer and is of sufficient 
size to enable direct filling from a tank vehicle. 
The engine is arranged for cartridge starting and 
the 30-gallon capacity fuel tank provides sufficient 
fuel for from ten to twelve hours’ operation. 





INTERNATIONAL ASSOCIATION FOR BRIDGE AND 
STRUCTURAL ENGINEERING.—The fifth» international 
congress of the International Association for Bridge 
and Structural Engineering is to be held, at. the 
invitation of the Portuguese Government, at Lisbon, 
from June 25 to July 2, 1956. The themes of the 
congress will be as follows :—Loading and strength 
of bridges and structures ; slabs and various curved 
structures in reinforced concrete; welded steel 
structures ; structures in steel and light alloys ; 


special problems of reinforced and prestressed con- 
crete ; practice of reinforced and prestressed concrete. 
The address of the Secretary of the British Group of 
hye ~: evageanen is 11, Upper Belgrave Street, London, 
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Oil Circuit Breaker for SO00OMV A TABLE—Test Results on: XOPR60 Oil Circuit Breaker 
at 132kV (a) Three- phase break tests on the complete circuit breaker : 





a ——— oil circuit re (desig- —_ Operation | Applied Breaking current, kA 
nat type PR60), recent introduced a py esi : 
by Ferguson Pailin, Ltd., Higher Openshaw, rere | 7 toae - oy ae 
preys hs ay Bae ten napa oor 5 per cent symmetrical breaks at 132kV... a3 min § z 
min 
to SOOOMVA at 132kV on a 50 c/s, three-phase B 
system—the first British-made dead-tank oil — 10 percent symmetrical breaks at 132kV...) B—3 min 
circuit breaker capable of this duty. It is BS min 
designed to comply with the relevant clauses of : 
B.S. 116 (1952) and with the Central Electricity  *0 Per cent symmetrical breaks at 132kV...)_ B—3} min 
Authority’s specification for this class of equip- | B 
ment. ‘ 
Wide ceca Wrechar has undergone nantendd 60 per cent symmetrical breaks at 77kV... a _ 
tests, including those called for in British Ba 
Standard 116: 1952, carried out at the Switch- —_100 per cent symmetrical breaks at 44kV...| B—3min | 
gear Testing Company, Trafford Park, Man- ~3 min 
chester, who, on the basis of these. tests, have 
issued as A.S.T.A. Certificate approving the 
rating assigned to the oil circuit breaker. Our 
illustration shows a complete three-phase 
XOPR60 circuit breaker set up for test, and the as D : 
results of some of the short circuit tests made on ere ieee | 
this circuit breaker, to prove the rating of ’ oy ay woleage, } 
SOOOMVA, are‘given in the accompanying table. interval | kV 
Before carrying out the tests required for the | 
granting of an A.S.T.A. Certificate, a consider- _'® Per cent make-breaks at SSkV applied} MB—3 min os | | 
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able number of investigational and research 
tests were carried out, including some to con- _*0 Per cent make-breaks at 132kV applied} MB—3 min 37 
firm the suitability of the breaker for switching 
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capacitive and inductive currents associated 
with line charging and transformer switching ©) Unit tests Biermanns): 
respectively. ] : itis eae oe: 

In construction the complete three-phase Duty | Se vohage, | tes yh any n= 
circuit breaker consists essentially of three | interval kV Rymnmatctend | Asymmetrical per break per break 
separate single-phase units, the individual mech- __ ae aec x 10-° 
pe of age D are linked externally, through a -~t e symmetrical Breaks at S7kV per B 62:3 ‘ ’ sz ey 
light alloy drives; to a common. operating 2-3 
mechanism arranged for power. closing. A me 5% 
weatherproof kiosk houses the power operating Bits ber 9 
rani shies ahs manana eames gt y symmetrical breaks at 57kV| ‘ | 62:5 
tions, and is mounted at a convenient height on : 63-7 
the front tank of the three-phase breaker. 62-5 

The power-operated closing: mechanism is 
trip free throughout the closing stroke and can be _ 100 per cent asymmetrical breaks at S7kV 61: 
either of thesolenoid or pneumatic type ; both per break | 3 mi 
designs are similar, except that in the latter case en Be 
the solenoid assembly is replaced by an air- 
actuated piston coupled to a local air receiver. 
This receiver is mounted on the underside of the 
kiosk and compressed air can be supplied to it 
either by individual compressors or, where ; 
several units are installed, from one central com- vole EV a R.M.S. current, kA 
pressor. If an individual compressor is pre- ; peak “After 0-3sec | After 3-0 sec 
— — be mounted on ‘the tank adjacent - eo 2-2 23-0 

The terminal bushing insulators are oil-filled 
barrier insulators, each being a self-contained and 
independently removable unit. Variation in oil 
volume is provided for by an expansion chamber 
fitted at the top of the porcelain insulator and a 
gauge shows the oil level. Adjustable arcing 
horns are fitted to each terminal bushing. Ample 
space is provided in the circuit breaker for 
bushing current transformers, which can be 
mounted in turrets through which pass the 
lower ends of the bushings. An advantage of 
this design is that the removal of a bushing does 
not entail disturbance of the current trans- 
formers. 

Each fixed contact assembly is of three- 
segment high-pressure spring-loaded lever butt 
design, incorporating a wiping action at the 
point of engagement with the moving contact, 
thus ensuring minimum contact resistance. The 
moving contacts are tubular and are mounted in 
light alloy carrier bars, which in turn are mounted 
on insulated lifting bars. The lifting bars are 
connected to the common external operating 
mechanism through a system of links, and shock 
absorbing devices proyide for the cushioning 
of the moving members on both opening and 
closing strokes. 

The circuit breaker is fitted with self-com- 
pensated cross-jet chamber arc control arrange- 
ments, designed to operate over the complete 
range of current up to maximum fault current. 
equal sharing of the duty of current interruption 
between the two breaks, and of the voltage 
appearing across the breaks, is achieved by means 
of highly rated and substantially non-inductive : 
shunt resistors. Another function of these A complete three-phase dead-tank oil circuit breaker, type “‘ XOPR60,”’ set up for test 
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sisto’s is that of limiting transient over- 
yoltages during switching. : 
During the opening strokes the moving con- 
are accelerated by torsion bar springs, 
which are designed to obtain the optimum break- 
ing speed consistent with reliable and economic 


N the accompanying illustrations we show a 
contactor gate-end box which has been developed 
and manufactured by A. Reyrolle and Co., Ltd., 
Hebburn, Co. Durham, and complies with the 
National Coal Board Specification No. F3/1950. 
This equipment, designated type “ SGA8,” has a 
rating Of 80A at voltages up to 650V, three- 
phase, 50 c/s, and is suitable for the direct 
starting of squirrel-cage motors associated with 
coal cutters, conveyors, loaders and kindred 
mining machinery. It is certified as flameproof 
in certificate No. FLP3390 issued by the Ministry 
of Fuel and Power. 

It has two separate flameproof compartments, 
one above the other, enclosed in a welded steel 
case. The upper compartment accommodates 
the 300A busbars and a triple-pole reversing 
jsolator, which is capable of breaking the normal 
current in emergency. The arrangement of this 
chamber, access to which is obtained by removal 
of a bolted light alloy cover, is shown in Fig. 3. 
The lower compartment accommodates a frame- 
work which carries the contactor together with 
control, protective and auxiliary apparatus. This 
interior framework with its equipment can be 
drawn forward on rails for inspection and main- 
tenance and can be completely removed from 
the case, when required, after removing con- 
nections from the terminal board at the front. 
The accessibility of this terminal board facilitates 
removal and replacement of the interior and 
obviates loose or high-resistance connections. 
The cover for the lower compartment is also of 
light alloy construction ; two alternative fixing 
arrangements are available, that shown in Fig. | 


Figs. 1 and 2—(Left) Flameproof gate-end box for direct starting of squirrel-cage 
conventional multi-bolt fixing of the lower compartment cover is shown here. The 








using a number of sliding bolts operated from a 
Single spindle by a loose key, and the one in 
Fig. 2 using the conventional multi-bolt fixing. 

The 80A, three-pole, a.c.-operated electrically- 
held-in contactor is identical to that of the 
existing Reyrolle “* GA8 ’’ equipment, which has 
proved satisfactory in service. Over-current 
protection is provided by two series trip coils 
with time lag dashpots having a double-action 
characteristic to suit motor starting conditions. 
Three multi-range trip coils are available to cater 
for normal load currents of 5A to 20A, 15A to 
60A, and 30A to 80A. Earth fault protection is 
provided by a ring type core balance transformer 
and a direct-acting relay having contacts in the 
contactor operating coil circuit. The transformer 


Flameproof Contactor Gate-End Box 
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closing. The rapid tripping action, combined 
with the accelerating force provided by these 
springs, the lightness of the moving parts, and the 
use of short travel butt contacts enable the 
manufacturers to specify a maximum total break 
time not exceeding 3 cycles. 


is suitable for currents up to the full rating of the 
panel and tripping occurs with a primary fault 
current of 0-5A. On operation the relay latches 
out and a shrouded hexagon-headed screw in 
the front cover gives access to the relay for hand 
resetti A shrouded push button is provided 
on the front cover for checking operation of the 
earth fault protection by injection testing. 
Electrical lockout of the earth fault protection 
can also be arranged when required. The lockout 
circuit, which is certified intrinsically safe, 
embraces the earth fault and is energised at 30V 
from the voltage transformer. The circuit 
energises the earth fault relay, which opens the 
contactor coil circuit, trips the contactor, and 
prevents reclosure until the circuit is de-energised 
by removal of the fault. The lockout circuit also 
functions if a fault occurs while the contactor is 
not energised and prevents closure on the fault. 
The “‘SGA8” unit is normally remote con- 
trolled with pilot core protection provided by 
an intrinsically safe circuit, which inherently 
ensures continuity of the earth circuit. The con- 


tactor will not close, and if already closed will . 


open, in the event of the trailing cable and/or 
operating pilot cable developing a short circuit 
between pilot and earth cores or a break in the 
earth or pilot cores. The trailing cable plugs are 
thereby electrically interlocked, since their with- 
drawal is equivalent to a break in the pilot and 
earth return circuits, The intrinsically safe 
circuit, which is generally similar to that designed 
in conjunction with the National Coal Board, 
relies upon uni-directional rectified alternating 
current and includes a pilot relay having a closed 


from a single spindle by a loose key is shown in Fig. 1 





secondary-circuit on its operating magnet system. 
A 15-ohm resistor mounted remotely with the 
rectifier is inserted in the pilot circuit, after the 
contactor has been closed, by earthing the pilot 
circuit through the half-wave rectifier. The 
current in the pilot circuit is thus limited to a 
value which will hold the relay in position but 
which’ will not allow it to pick up should the 
contactor trip due to failure and subsequent 
restoration of supply. 

With this control arrangement a short circuit 
in the pilot circuit cuts out the half-wave rectifier 
located at the remote control:point and energises 
the pilot relay with.alternating current. Under 
this condition the closed secondary-circuit 


effectively demagnetises the relay so that it does 


motors, rating 80A at three-phase voltages up to 650V, 50 c/s. 


tive construction 
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Fig. 3—Upper compartment of gate-end box with 
cover removed to show the triple-pole isolator 


not operate. Similarly with a break in the pilot 
circuit, the pilot relay, being de-energised, does 
not operate. Thus, with either type of fault, the 
pilot relay by failing to operate breaks the con- 
tactor operating coil circuit, tripping the con- 
tactor if closed and preventing its operation if 
open. A switching arrangement is provided for 
selection of local, remote, or sequence control. 
Incoming or straight-through cable arrange- 
ments can be provided. Busbar chamber ends 
without fittings or trunks to other equipment 
are fitted with domed end caps. An outgoing 
100A four-pin B.S. plug and socket is mounted on 
the front of the unit in accordance with the 





(Right) The 
using a number of sliding bolts operated 







N.C.B. Specification and provision is made on 
dhe socket bend for accommodating a direct- 
connected ammeter when required. A _ pilot 
cable box for up to four cables can be provided 
on the right-hand end of the unit and a removable 
cover provides access to the pilot terminals. 





DigsEL OPTION ON U.S. Car.—At the Brussels 
Motor Show the Chrysler Corporation offered the 
Perkins “‘ P.4 ” as an optional engine in the Plymouth 
“* Belvedere.” Chassis and engine are to be imported 
separately from U.S.A. and Great Britain and 
assembled in Antwerp. The “P.4” is a 3-14-litre 
engine giving 58 b.h.p. at 3000 r.p.m.; the petroi- 
engined versions of the “* Belvedere ’” weigh between 
3179 Ib and 3455 Ib. 
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Fell Diesel-Mechanical Locomotive 
No. 10100 


The Fell diesel-mechanical locomotive, which was described in our issue of June 
1, 1951, has been undergoing tests on the London Midland Region. A compre- 
hensive report covering these tests is in preparation by British Railways and will be 


published in due course. 


Pending completion of the full report preliminary 


information has been released, and this information, which has been received from 
Fell Developments, Ltd., is reproduced below. 


ESTS have been conducted with the Fell 

diesel-mechanical locomotive No. 10100 
between Carlisle and Skipton, on the London 
Midland Region, using the mobile testing plant. 
The primary object of the tests was to establish 
the drawbar tractive effort characteristics and 
corresponding fuel consumptions over the work- 
ing range of the locomotive. Tests were con- 
ducted at full and approximately three-quarters, 
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Fell — Full throttle. 
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Fig. 1—Drawbar tractive effort of Fell locomotive 
compared with steam locomotives 


half and one-quarter throttle for each of the 
combinations of main engines, i.e. one engine, 
two engines, three engines and four engines. 

Additional tests were carried out to investigate 
particular aspects of design as follows :— 

(1) Static tests to determine the starting draw- 
bar tractive effort. 

(2) A test of over one hour duration at 
approximately maximum power to determine 
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Steam — 75% Boiler limit. 
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Fig. 2—Drawbar horsepower of Fell locomotive compared with steam 
locomotives 


the rise in gearbox oil temperature under such 
conditions. 

(3) A test under service conditions with a 
class “* 6 P”’ full load of 390 tons. 

Throughout the above tests, readings were also 
taken of engine revolutions per minute, boost 
air pressures and temperatures, &c. 


PRELIMINARY RESULTS 


Drawbar Power.—Fig. 1 shows drawbar 
tractive effort at constant speed on the level 
when working at full throttle (heavy full line). 
The heavy dotted lines show the performance 
of the locomotive when working on one, two 
and three engines, continued beyond the 
speed at which the next engine is normally 
engaged. 

The diagram also shows drawbar tractive effort 


' for British Railways standard class “‘ 7 ”’ and class 


“5° engines at 75 per cent of their boiler 
capacity, superimposed on the curves for the Fell 
locomotive. 

Fig. 2 shows the drawbar horsepower at full 
throttle, the maximum being 1900 at 44 m.p.h. 
During the test to determine gearbox temperature 
rise, full power was maintained for seventy-four 
minutes. 

The starting drawbar tractive effort was 
29,400 Ib. 

FUEL CONSUMPTION 


Fig. 3 shows the specific fuel consumption 
(pounds per drawbar horsepower-hour) of the 
locomotive when working at full throttle between 
30 and 60 m.p.h. The values include the con- 
sumption of all four main engines and both 
auxiliary engines. A comparison between the 
Fell locomotive and a 1750 h.p. diesel-electric 
locomotive is given below, and shows the 
similarity of the two locomotives in respect of 
fuel consumption. 


Speed, m.p.h. 30 40 50 60 


Fuel consumption, pounds per 
drawbar horsepower - how 
for Fell locomotive wen 

Fuel consumption, pounds pe: 
drawbar horsepower - hour 
for diesel-electric locomotive... 
When working at maximum power, the tem- 

perature of the oil in the gearbox rose from 

100 deg. to 150 deg. Fah. in seventy-four minutes. 


SERVICE TEST wiTH CLAss “6P” Loap 


A train of thirteen vehicles, including dynamo- 
meter car, making a total weight of 389 tons, was 
hauled by the Fell loco- 
motive during this test. 
The class “ 6 P ” full 
load between Carlisle and 
Skipton is 390 tons. This 
run has not yet been 
fully analysed, but it is 
of interest to note that 
the actual time taken 
B.R. CI.7 from Appleby to Ais Gill, 
46-2 18 miles on a ruling gra- 

dient of 1 in 100 rising, 
was 254 minutes, ascom- 
pared with the booked 
class “6P” timing of 
thirty minutes. 

COMMENTS 

An outstanding fea- 
ture of the Fell’ diesel- 
mechanical locomotive is 
the high drawbar power- 
weight ratio, which 
arises from (1) the 
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Fig. 3—Specific fuel consumption of diesel- nechanical 
locomotive 


use of a multiplicity of small high-speed engines 
instead of one large one, and (2) hizh trans. 
mission efficiency. At 50 m.p.h., for example, the 
locomotive develops 15-8 d.b.h.p. per ton weight 
as compared with 8-9 d.b.h.p. per ton in the 
case of the S.R. 1750 h.p. diesel-eleciric loco. 
motive reported on in Bulletin No. 9 pubtished 
by the British Transport Commission. 

It will be noted from Fig. 1 that with the 
existing gear ratios the drawbar tractive effort 
is nil at 72 m.p.h., but the performance is par. 
ticularly good in the 30-60 m.p.h. speed range, 
During the trials the locomotive made a smooth 
start with 389 tons on a rising gradient of | in 100, 





Wire Rope Terminals 


WE illustrate below a new terminal attachment 
for wire ropes made by the Tulloch Construction 
Company, Ltd., 70, Brighton Road, Sutton, 
Surrey. These ‘ Tulcon ”’ terminals, as they are 
known, are designed for attachment to wire ropes 
of all kinds. Each terminal consists of three 
parts—a sleeve, a plug, and a terminal body 
which can be supplied to suit any required appli- 
cation. The sleeve and the body are made of 
forged alloy steel and the plug of cast gun metal, 
Each set of terminal parts is made to suit a given 
size and diameter of wire rope. 

When fitting the terminal assembly to a rope 
the sleeve is first placed on the rope and pushed 


Wire rope terminal consisting of three parts, a body, 
sleeve and plug, and designed for fitting without the 
use of welding or brazing 


back a short distance. The tapered plug is then 
inserted in the centre at the end of the rope and 
hammered in to separate the strands. The bored 
end of the terminal body is then placed on the 
rope end and pushed home until the rope can be 
seen through a transverse hole at the base of the 
bore. On the sleeve then being screwed down into 
the body, its tapered bore locks the strands on the 
plug, thus locking the rope in the terminal. The 
makers state that the assembly provides a strong 
terminal designed to exceed the strength of the 
rope to which it is attached. Plug inserts are 
provided for different types of wire rapes and it 
is claimed that the lay of the wires is not affected 
or distorted by the use of the terminals. 





AND ALLIED MANUFACTURERS’ AsSsO- 
CIATION —Following arrangements which have been 
made for the integration of trade association member- 
ship of steam and diesel locomotive manufacturers, 
the Locomotive and Allied’ Manufacturers’ Associa- 
tion has been formed as from January ist. The 
president of the Association is Mr. T. A. Crowe. 
Mr. G. R. Curry is the secretary, with offices at 
82, Victoria Street, London, S.W.1. 
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High Speed Bituminous Paver- 
Finisher 


E recently attended a demonstration of a 

bituminous paver-finisher of recent 
American design which is now being manu- 
factured in this country by Blaw Knox, 
Ltd., 90-94, Brompton Road, London, S.W.3. 
This machine is designed to lay any form of 
asphaltic material, either hot or cold, in depths 
up to 10in, and over widths from 8ft to 13ft 
in 6in increments. Depending on the width and 
depth of material laid, it is claimed that the 
machine is capable of laying up to 180 tons of 
material an hour. Photographs we reproduce on 
this page show the machine of American construc- 
tion, and the arrangement of the British-built 
machine now under construction is generally simi- 
jar. Unlike other paver-finishers it is mounted on 
large pneumatic-tyred wheels, through which it 
is propelled, and has smaller solid-tyred -wheels 
at the front end through which it is steered. 
Four working travelling speeds are available, 
from 4-5ft to 5O0ft per minute. An additional 
road travelling speed of 44 m.p.h. in either 
direction enables the machine to be driven 
under its own power to new locations without 
calling for the services of a transporter vehicle. 
It is considered generally that distances of 20 
to 30 miles or more can be covered economically 
by the machine under its own power. 

The machine is built up on.a rigid welded 
frame of heavy steel plates with deep side mem- 
bers adequately braced by cross members and 
integral machinery support platforms. It is 
powered by a Perkins “14” diesel engine 
governed to develop 56 b.h.p. at 1800 r.p.m. 
From this engine the drive is transmitted through 
a 114in diameter clutch and a totally enclosed 
four-speed differential gearbox at the front of 
the operating deck. Transverse shafts driven 
from this box have a pair of sprocket wheels 
at each end through which each of the four 
traction wheels are driven by roller chains ; this 
final drive is conveniently arranged for 
access on the outside of the main longitudinal 
frame members. The two wheels at the front 
of the machine are steered through a double- 
acting hydraulic cylinder controlled by dupli- 
cated levers on the machinery platform. The 
use of light lever-controlled steering permits 
close accuracy when laying materials against a 
kerb or to guide lines, and the effective matching 
of joints. Independent brakes which are fitted to 
the main driving wheels can be used to assist steer- 
ing when turning the machine in a small radius. 


Bituminous paver-finisher laying single-course surfacing on a road in Kent 


The. receiving hopper for the materials is 
built on a forward extension of the main frame 
and it has high inclined steel plate sides. With 
its large holding capacity of 7 cubic yards this 
hopper enables supply trucks to be emptied 
quickly so that their turn round can be effected 
in the shortest possible time. The level of the 


hopper platform is set sufficiently low to provide 
adequate clearance for all sizes and types of 
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dently driven and they transfer material rearwards 
through mechanically-operated flap valves. The 
use of two independently driven conveyors 
simplifies the feeding of materials on super- 
elevated and curved sections where more material 
is required on one side of the machine than the 
other. Material passes through the flap valves 
to two large diameter feed screws set end-to-end 
across the width of the machine just in front of 
the tamper bars and screed. These screws, like 
the conveyors, are independently driven and 
they serve to distribute the material evenly over 
the width of the screed. They are carried on a 
common support structure through which their 


height can be adjusted in accordance with the 


class of material being handled, and they can be 
raised to a higher level to avoid damage when 
the machine is in transit. The conveyors and 





The bituminous paver-finisher will construct slabs from 8ft to 13ft wide and up to 10in deep. The 
machine has hydraulically assisted steering and four working speeds from 4-5ft to 50ft per minute, with 
a road travelling speed of 4-5 miles per hour 


tipping trucks used to deliver materials, and 
pusher rollers for the truck wheels are mounted 
at platform level on each side at the front of the 
machine. The full weight of the hopper and its 
contents is carried by the steering wheels which 
run on’ the sub-grade in front of the carpet of 
material being spread by the machine, so that 
they do not affect the screed. 

Two bar conveyors arranged side by side, 
which form the floor of the hopper, are indepen- 








feed screws are driven by a second gearbox 
and drive is transmitted to their main shafts 
through sprockets and roller chains incorporating 
means of tensioning and adjustment. 

Driving shafts on each side of the machine 
actuate two tamper bars at high speed through 
eccentric journals mounted in tapered roller 
bearings. These tampers are mounted immedi- 
ately in front of a floating screed and they 
impart a forward crowding action to compact 
the material before the screed passes over it. 
The makers point out that when the sub-base 
is uneven this initial compaction by the tamper 
bars ensures that material is uniformly com- 
pacted through the full depth. The tam- 
per bars are made in two sections so 
that they can be readily adjusted by a 
simple turnbuckle to suit the crown and camber 
of a road. The tamper.and screed assemblies 
have a fixed length of 8ft and by the addition 
of 6in and 12in long extension pieces their 
lengths can be increased up to the 13ft maximum. 

The floating screed is supported on long side 
arms which are pivoted at their front ends to 
the main frame of the machine. The screed arm 
pivot supports are fitted with adjusting 
screws for depth-setting with reference to 
graduated scales, and screws are also pro- 
vided for crown adjustment. Hydraulic 
jacks are fitted to enable the screed to be raised 
well clear of the ground when the machine is 
travelling between sites. An oil burner and 
variable speed blower mounted centrally on the 
body of the screed distributes heat evenly over 
the full area of its base-plate. 

Ascan be seen from the illustrations, the control 
levers of the paver-finisher are grouped for 
convenient operation and the principle levers are 
duplicated on each side of the platform. The 
driver’s seat can be set in a pillar mounting by 
the duplicated controls on either side and from 
each seating position the operator has a clear 
view over the machine and the working area. 
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Production Milling Machines 


A NEW range of heavy-duty, fixed-bed pro- 
duction milling machines is now being made by 
Cincinnati Milling Machines, Ltd., Woodlands 
Farm Road, Tyburn, Birmingham, 24, under the 
trade name “‘ Hypowermatic.”’ These machines, 
one of which is illustrated below, are built in 
three power series, in plain and duplex models, in 
each of which forty-two sizes are available. They 
range from the smallest with a 36in travel, 18in 
by 60in table and driven by a 74} h.p. motor, to 
the largest with a 168in travel, 26in by 192in 
table and driven by a 50 h.p. motor. 

The new machines have a rigid ribbed bed 
with long square gibbed ways, hardened and 


ground to provide an accurate bearing for the 


sliding table. The table is driven by a “ Hydra- 
mech ” unit enclosed within the bed. This drive 
consists of a hydraulic motor, with stepless 
variable speed range, which drives the table 
through dual worm gearing and twin pinions 
engaging the table rack. Through this drive a 
range of infinitely variable table feed rates from 
din to 100in or 150in per minute, according to 
the size of the machine, are available by the setting 
of a selector dial. A backlash eliminator is built 
into the drive, which facilitates climb milling, and 
a rapid table traverse mechanism reduces loss of 
time in bringing work up to the cutter. Dogs 
are provided for controlling automatic table 
cycles. 

The spindle carrier is mounted on vertical 
square gibbed ways on the headstock and a 


Production milling machine with automatic, steplessly variable, hydraulic- 
mechanical table feed, and sixteen spindle speeds. The machine is built in 
plain and duplex models in forty-two sizes 


hydraulic counterbalancing gear facilitates its 
raising and lowering. In this carrier power is 
transmitted through short heavy shafts mounted 
on adjustable anti-friction bearings, and there 
are only three gears in the drive from the motor 
to the spindle. Quill mounting provides the 
means of cross adjustment of the spindle and 
cutter in the carrier. Spindle drive is through 
two hydraulically operated multi-disc clutches. 
Sixteen spindle speeds are available through 
change gears and a back gear combination. There 
is a choice of nine spindle speed ranges ; the 
highest group ranges from 50 to 2000 r.p.m. in 
the smaller machines, from 30 to 1200 r.p.m. in 
the medium machines, and from 20 to 800 r.p.m. 
in the heaviest machines. A rigid overarm 
carried in dovetail bearings damps self-excited 
chatter and assists in smooth effective metal 
removal. 

The controls are conveniently grouped and the 
principal movements are controlled through 
operation of three levers. One lever controls the 
hydraulically actuated clutches of the spindle 
drive and when it is set in the automatic position 
it engages the spindle stop so that. the spindle 
rotates only when the table is moving at the feed 
rate. A four-position directional control lever 
gives instantaneous manual engagement of 
table feed and rapid traverse, and a_ third 
lever can also be used to interrupt and 
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restart an automatic table cycle at any desired 
point. 

Large chip compartments are situated at each 
end of the base and coolant drains back from 
these compartments to the main reservoir for re- 
circulation. Chip wipers on the underside of the 
table push accumulated chips from the table 
troughs into the end compartments. By the 
setting of a three-way selector switch coolant 
can be fed continuously or intermittently with 
the starting and stopping of the spindle. A 
power-driven pump supplies lubricant to the 
table ways and drive mechanism, and the spindle 
bearings, gears and other parts are automatically 
pressure lubricated. A float switch in the oil 
reservoir stops the driving motor of the machine 
in the event of the lubricating oil falling below.a 
predetermined level. 





Magnetic Filters 

A RANGE of permanent-magnet filter units 
has been developed by the Blending Machine 
Co., Ltd., Bond Street, Hockley; Birmingham, 
19, for the extraction of finely sub-divided and 
feebly magnetic contaminating particles, from all 
kinds of powders, liquids and granulated mater- 
ials. One of these units is illustrated herewith, 
and in this case it is 
fitted with an electro- 
vibrator which is an 
optional attachment for 
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evolved by Messrs. D. Lindsay and J. C. Loach 
of the British Railways Research Departmen 
with the assistance of the British Rubber Pro, 
ducers Research Association. The fastening js 
of clip design, as can be seen in the accompanying 
drawing, the clip itself being secured by 4 long 
screw run into a corrugated wooden plug cast in 
the concrete sleeper. The plug itself and the Shape 
of the threads of the screw are based on well. 
known practice of the Deutsche Bundeshahn, 


The rail rests on a grooved rubber pad, Thin by 
5tin by fin thick. The form of the wide V-shaped 
grooves in the pad was recommended by the 
British Rubber Producers Research Association 
and, together with the hardness of the rubber 
selected, gives satisfactory load defiection 
characteristics. The pad serves to take 
inequalities in the flat surfaces of the underside 
of the rail and the concrete on which it resis, and 
by separating the two, prevents the sleeper from 
being damaged by excessive local pressures. 

Rubber pads have also been applied at both 
ends of the clip and a rubber-bonded cork washer 
has been used under the head of the screw. The 
rubber at the front of the clip prevents direct 
contact of the clip and the rail ; at the same time 
the friction between the rail and the clip, and the 
resistance to creep of the rail, are both increased, 
Synthetic rubber has been used for the pad at the 


Magnetic filter for liquids or powders. The filter box is fitted with 
grids set between permanent magnets 


use when dealing with 
highly viscous liquids or 
heavy density powders. 

The filter assembly is 
supported through anti- 
vibration mountings on a substantial angle 
section frame. The main filter box is supported 
between twin permanent magnets and contains 
removable grids, which are available in different 
types and sizes to suit the characteristics of the 
material being filtered. During the filtering 
process the grids and box are magnetised and 
when they are withdrawn from the machine they 
become non-magnetic. . When it is required to 
clean the filter a cut-off plate is inserted in the 
bottom of the box as shown in the illustra- 
tion. This plate retains the iron in the box, and 
on its removal the contaminating particles fall 
out when the box is shaken. 

The filter is made in four standard sizes to 
handle liquids at rates from 750 to. 100. gallons 
an hour,.or powders at rates from 1 ton to 24 
cwt an hour. 





Fastening Rails to Concrete Sleepers 


A NEW method of fastening rails to concrete 
sleepers, developed by British Railways, has been 
installed experimentally in a half-mile welded 
length of Class .B2. goods line near Syston, 
Leicestershire, on the London Midland Region. 


The new type of fastening: embodies, certain ° 


features of German practice in conjunction‘ with 
the use of a grooved rubber pad, and has been 


rear of the clip so that it shall not be affected by 
oil and dirt collecting in the groove in which the 
back of the clip is held. 

The rubber-bonded cork washer between the 
head of the screw and the clip is intended to 
absorb as much as possible of the rapid upward 
shocks otherwise imposed on the screw, the clip 

. not being appreciably flexible. Some of the 
upward shocks from the rail will, of course, be 
absorbed by the rubber at the front of the clip, but 
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i was considered desirable to have another 
resilient component axially in line with the screw. 
The rubber pads were inserted individually at 
the two ends of the clips in the experimental rail 
length at Syston ; in future it is proposed to 
secure the pads to the clips to form a single 
component. Each clip is 3in wide and the 
diameter of the hole through which the screw 
gives adequate clearance, so that side 
thrust from the rail is transmitted through the 
clip *to the concrete at the back of it. The 
position of the screw is such that after it has been 
eased the rail can be released by turning the clip 
through 90 deg. The rubber at the back of the 
clip and the rubber-bonded cork washer under 
the head of the screw both supplement the insula- 
tion provided by the rubber at the front of the 
clip for track circuiting purposes. 

The screw, when tightened, exerts a load of 
approximately 24 tons on the clip and this, in 
turn, imposes about 14 tons load on the rail. 
There is one clip on each side of the rail at each 
sleeper, and thus the rail is clamped between 
rubbers exerting approximately 3 tons on it. On 
jong welded lengths figures of this order are 
beneficial in maintaining the rectangularity of the 
framework of the track against buckling 
tendencies, and in reducing the amount of 
movement at the ends of the length due to 
temperature changes in the rails. 





Portable Universal Conveyor for 
Large Press Transfer Lines 


On press lines where mechanical methods are 
required to transfer large parts between machines 
for successive operations, certain difficulties can 
be experienced owing to variations in table 
heights, which necessitate the raising or lowering 
of components at their working stations. To 
overcome this difficulty a special portable 
universal conveyor has been developed by the 
Clarke Ellard Engineering Company, Ltd., 
Works Road, Letchworth, Herts. This conveyor 
is so constructed that its height can be adjusted, 
and the height of both the receiving and delivery 
ends varied to tilt the working surface and so com- 
pensate for different table heights of the presses 
between which it transfers the work. These 
conveyors are primarily intended for the 
transfer of motor body panels between presses, 
although they can, of course, be used for other 
similar classes of work. They are made in three 
standard sizes with 11ft 6in, 17ft and 23ft 6in 
centres, and to take belts up to 4ft wide. One 
of the conveyors can be seen arranged in a tilted 
position at the maker’s works in the accompany- 
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Four-roll plate bending machine for mild steel plate up to 10ft wide and ‘in thick 


mounted on ball bearing castors. After a con- 
veyor has been manceuvred into its ‘working 
position on its castors it is stabilised by being 
raised clear of its castors on screw jacks fitted 
on the frame. The base frame is connected to a 
pressed steel conveyor frame through combined 
supporting and lifting members at each end. 
These support members are pivoted at their 
lower ends to the base frame and each has a 
crosshead at the upper end which is fitted with 
rollers registering in horizontal guide channels 
on the underside of the conveyor frame. Central 
longitudinal shafts attached to the crosshead of 
each support member are each turned through 
gearing by transverse shafts to which a detach- 
able crank handle can be fitted. . By the rotation 
of its transverse shaft a support member is swung 
on its base pivot so that its crosshead is moved 
along the guide channel to raise or lower that 
end of the conveyor frame. The transverse 
height adjustment shafts at each end can. be 
operated from each side of the conveyor and 
the mechanism is self-locking. 

The conveyor frame 


is fitted with stabilising: 


rollers, which register on 
vertical guide columns 
adjacent to the support 
members at each end of 
the base structure. A 
drive unit mounted on 
the underside of the 
conveyor frame at the 
centre consists of a 
geared motor coupled 
by a roller chain to a 
heavy duty drive roller. 
This drive roller is 
designed to provide 
automatic belt tension- 
ing,. and even track- 
ing .of the belt is 
maintained by guides 
fitted at each end of 
the conveyor. 

A standard portable 


Press transfer conveyor for motor body panels shown in an_ inclined conveyor of the kind 

position, These conveyors can be varied in height as well as tilted to described is designed 

suit different press table ts. They are designed wed £ loading of for a loading of 25 1b 
minute 


heigh 
25 lb per foot and have a belt speed of 47ft per 


ing illustration. The horizontal height of the 
23ft 6in centres conveyor is adjustable between 
26in and 40in, and it can be tilted from either 
to give a maximum inclination from 17}in to 
In, 
Each conveyor assembly is carried on a rigidly 
braced base frame of rolled steel sections and is 


per foot and has a 
belt speed of 47ft per 
minute. The drive is controlled by two push- 
button stations, one on each side at one end of 
the conveyor. The control incorporates a reset 
device, which ensures that stoppage of the con- 
veyor from either side will prevent restarting 
from the opposite side until that. control is also 
operated. 


Four-Roll Plate Bending Machine 


A FOUR-ROLL plate bending machine of initial 
pinch design has been built by the Bronx 
Engineering Company, Ltd., Lye, near Stour- 
bridge, for handling mild steel plates up to 10in 
wide by 4in thick. This machine is designed to 
bend plate to a circle with a minimum amount of 
flat on the long edges in a single rolling pass, 
It is stated that the amount of flat on a }in plate 
is 3in, on a Zin plate 1gin, and on a Hin plate tin. 

The new machine, illustrated above, has driven 
top and bottom rolls of 14in diameter and idling 
side bending rolls of 114in diameter. The 
rigid base frame and. housings are of welded 
steel plate construction: Worm gearing used 
for adjusting the bottom centre roll and the 
two side rolls is enclosed in the lower parts of 
the housings and on one end housing the top 
roll is carried in a swing-down bearing, which 
can be swung clear to enable complete cylinders 
to -be removed from the machine. A 25 hp. 
reversing motor used for the main roll drive is 
fitted with a magnetic brake and its power is 
transmitted through a separate gearbox. 

Vertical adjustment of the centre bottom roll 
for plate gripping is effected by a push-button- 
controlled 5 h.p. motor. The two side rolls are 
adjusted individually by separate 20 h.p. two- 
speed reversing motors directly coupled to the 
worm gearing in the housings. Two-speed 
motors are used to adjust the side rolls 
when they are being reset or under no-load 
conditions or on light work. No adjust- 
ment is provided for the top roll, but the bottom 
pinch roll, in addition to being adjustable for 
plate thickness, can also be tilted for conical 
work. The two outside bending rolls can also be 
tilted for conical wofk, and a multi-jaw clutch on 
each of their setting drive shafts is used for the 
tilting operation. Pointers on a graduated scale 
at the side of the roll chocks show the setting of 
the side bending rolls. 

A long counterbalancing extension on the top 
roll is used in conjunction with a support at the 
extreme end of the machine to support the roll 
when its end bearing is swung down. The 
makers point out that an unusual point in the 
construction of the machine is the fitting of a 
brake jaw or skid plate on the right-hand side of 
the housing for the rolling of cones or tapered 
shells. It is so arranged that the small side of 
the plate which will form the small diameter of 
the cone will skid on the plate and compensate 
for the difference in the two cone diameters, 
With this method a cone can be rolled using the 
same procedure as in rolling a cylinder, except 
that the side rolls will be tilted. 
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Continental Engineering News 


Dutch Propeller-Turbine Airliner 

The Fokker F-27 “ Friendship” air- 
liner, which made its maiden flight on November 
24th of last year, is a twin turbo-propeller craft 
capable of seating twenty-eight to thirty-six 
passengers. The decision to develop this aircraft, 
which is intended for short and medium 
ranges, was taken by the makers, the Royal 
Netherlands Aircraft Factories, Fokker, Schiphol- 
Zuid, in order to make available to airline opera- 
tors an up-to-date replacement for the obsolescent 
21-24 seaters of prewar design still in use 
to-day. Although as a rule larger sized aero- 
planes are more economical, the present 
capacity was adopted as being most suitable 
for the type of service envisaged. The com- 
pany states that owing to improvements which 
have been embodied, operational cost per ton- 
mile is competitive with that of a larger unit in 

the same field of application. 
The F-27, shown in our accompanying illustra- 
tion, is a high-wing monoplane of 95ft span, 
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Together with the cockpit, these compartments 
form the pressurised part of the fuselage. 

While normal take-off weight is 32,630 Ib maxi- 
mum gross weight is 34,200 Ib. Normal dispos- 
able load (fuel’plus payload) varies from 10,945 Ib 
for the thirty-six-seat version, to 11,305 lb for the 
twenty-eight-seat version. At the normal take-off 
weight, and over a stage distance of 300 miles, the 
pay-load is stated to be 7917 Ib, a figure which in- 
cludes twenty-eight passengers and their luggage, 
and cargo to the amount of 1953 1b. In addition, the 
aircraft carries a crew of two and a stewardess. 
For crew members a weight of a total of 473 Ib is 
added to the manufacturers’ empty weight of 
20,610 lb, and for operators’ services (water- 
methanol for take-off at high air temperatures) 
another 242 lb, making the twenty-eight-seater’s 
operational empty weight equal to 21,325 Ib. 

As regards the high-wing arrangement which 
has been adopted, its principal advantages are 
claimed to lie in the low fuselage floor giving 
ease of access and improved freight-handling. 
This, it is stated, is particularly valuable on short 
distance operation where many airfields have 
only minor facilities. The high position of the 


The Fokker F-27, ‘‘ Friendship,”’ of 95ft. span and 32,630 Ib normal take-off weight, is equipped with two 
Rolls-Royce ‘‘ Dart” propeller turbines 


with fuselage 73ft long and 8ft 10-3in maximum 
diameter, standing 27-5ft high. 

The power plant consists of two Rolls-Royce 
“Dart” propeller turbines, which develop 
1600 s.h.p. and 375 Ib static thrust when taking 
off at 14,500 r.p.m. at sea level. Among the 
claims made for the “‘ Dart” are its favourable 
specific weight, small frontal area and cowling 
resistance and lack of vibration, as well as 
increased safety as the result of the use of 
kerosene fuel. 

The static rhaximum climbing power and 
static continuous power at sea level is 1300 
s.h.p. plus 305 Ib thrust, at 13,800 r.p.m., 
while full take-off power is restored by water- 
methanol injection for all temperatures up to 
30 deg. Cent above I.S.A. and up to 10,000ft 
altitude. Overhaul life of the ‘‘ Dart”’ is at present 
1200 hours. The engines are equipped with 
0-086 reduction gear, and drive two four- 
bladed propellers of 12ft diameter. 

A pressure differential of 4-16 1b per square 
inch can be maintained between the inside of 
the hull and the surrounding air. This corres- 
ponds to a cabin altitude of 8000ft at a height of 
20,000ft. Full air conditioning is provided to 
maintain the temperature at 70 deg. Fah. 

The standard seating capacity is twenty-eight. 
By moving the front cabin bulkhead this number 
can be increased to thirty-two, or reduced to 
twenty-four, and a further four seats can be 
obtained by removing the rear cabin bulkhead 
and repositioning the pantry. Depending on 
the cabin arrangement, the freight and luggage 
capacity varies between 382 and 277 cubic feet, 
the larger figure being associated with a cabin 
volume of 1290 cubic feet (twenty-eight seats). 


engines allows the use of larger diameter pro- 
pellers for the same ground clearance, and the 
better lifting efficiency of the high wing and the 
relatively low wing loading (normal value, 
43-3 lb per square foot) are stated to allow the 
use of a smaller airfield than is usual for this 
kind of aircraft. 

The wing itself has an area of 754 square feet 

and an aspect rati6 of 12. Based on an aerofoil 
of the NACA 6 series, it has a taper ratio of 
0-4 and a m.a.c. of 8ft 5-4in. Double slotted 
compound flaps of 70 per cent of wing span 
and 30 per cent wing chord were specially 
developed to give the aircraft a low minimum 
speed. 
The horizontal tail surface totals 172 square 
feet, and has a 32ft 2in span and a taper ratio 
of 0-4, while the vertical fin has an area of 
129 square feet. 

A tricycle landing gear has been fitted, with 
23ft 7-Sin track width, 334in diameter main 
wheels and 284in diameter nose wheels. Opera- 
tion of the undercarriage and of the wheel 
brake is pneumatic, and there is a pneumatic 
auxiliary power system. 

Two separate electrical systems, one with 
28V d.c., the other with 115V and 208V a.c. 
at 400 c/s, are used to provide power for 
landing flaps, de-icing, wireless and other pur- 
poses. Standard equipment includes a V.H.F. 
and a H.F. receiver-transmitter, an automatic 
direction-finding radio compass, an intercom- 
munications set and an I.L.S. installation. 

Wing de-icing is by heat from the exhaust, 
using a heat exchanger. This heat is applied 
internally, a method which does not affect 
the clean aerodynamic shape of the wing. 
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Two integral fuel tanks totalling 818 Imperial 
gallons are placed in the outer parts of the wj 
A fire-prevention system using methy'!-bromide 
incorporates flame detectors and crash inerti, 
switches. Placing of fuel in the outer wing only 
and using a pneumatic instead of a hydraulic 
power system, both contribute to the eduction 
of fire risk. Additional provisions tc increase 
safety include rear-facing seats on the standard 
version. 

The Fokker F-27 “ Friendship” is designed 
for an economical cruising speed of 2:0 m.p.h 
at 20,000ft, a service ceiling of 35,000ft and nor. 
mal and maximum stage distances, wit! reserves 
of 300 and 1000 miles respectively. St ge speed 
for the normal stage distance is statcd to be 
203 m.p.h. 


Artificial Diamonds 


Extreme hardness and high optical 
dispersion are the chief characteristics of the 
diamond, for which it has been esteemed from 
times immemorial. Its popularity became estab. 
lished when the discovery of its cleavage proper 
ties and the possibility of polishing it by means of 
diamond dust rendered possible the preparation 
of faceted gem stones of great beauty and fire, 
This brilliance of the cut diamond and its great 
rarity assured a constantly increasing demand 
for ornamental use, to which must be added 
the wide industrial applications in recent years 
to cutting tools and as abrasives, chiefly of the 
black non-gem grades, carbonate and _ bort, 
From among the many attempts, made in the 
nineteenth century and after, to manufacture 
artificial gem stones, those of making diamonds 
have, until recently, been conspicuous for the 
complete absence of any authenticated success, 

After Robert Boyle had shown that diamond 
would burn at high temperatures, a fact again 
demonstrated by the Florentine Academicians 
in 1694 and 1695 with the use of a powerful 
burning glass, Antoine Lavoisier proved that the 
product of combustion was carbon dioxide. 
This finding, later confirmed in greater detail, 
showed that diamond was a form of carbon, 
Justaf Rose succeeded in converting diamond 
into graphite by heating it in an oxygen-free 
atmosphere to temperatures of the e-der of 1600 
deg. Cent. 

Of those who, in the nineteenth century, 
attempted to convert carbon into diamond, 
Silliman and Cagniard de la Tour obtained 
products which subsequently were found to 
have been silicates. J. B. Hannay liberated the 
carbon from various hydrocarbons by the action 
of metallic sodium or lithium, under conditions 
of high temperature and pressure. J. A. Marsden 
used molten silver as a solvent of carbon, and 
carried out crystallisation experiments with 
silver-platinum alloys. J. Morris exposed mix- 
tures of clay, hydrochloric acid, lampblack and 
charcoal to the action of carbon dioxide at 
high temperatures. The experiments of H. 
Moissan have become famous. Moissan dis- 


Magnified illustration of diamonds produced by 
A.S.E.A., at 80-90,000 kg per square centimetre and 
2750 deg. Cent. 
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solved carbon in molten iron, and cooled the 
melt raridly so as to cause the solidified outer 
layers tO exert a high pressure on the still liquid 
core. «tis Claim to have ubtained microscopic 
diamoris has been doubted, for until the advent 
of X-ray crystallography the exact nature of 
small crystalline samples was difficult to establish. 
people have indeed argued that Moissan’s 
method of thermally shrinking a cast-iron mass 
cannot produce any significant pressure at all. 
On the other hand, Hannay’s diamonds were 
rediscovered in the British Museum sixty years 
after his experiments had been undertaken, and 
were proved by X-ray tests to be genuine dia- 
monds of a rare kind. It is not possible, however, 
to verify that they .actually were produced by 
Hannay’s methods. One suspicious circumstance 
is that they consist of splinters from a larger 


Until the most recent past, all scientific claims 
to have made diamonds were subsequently 
found to have been mistaken. Either the 
substances produced were found to be materials 
other than diamond, e.g. carbides, or else the 
methods, as in Moissan’s case, could never be 
successfully repeated by others. 

That so little (if any) success was achieved is not 
surprising in view of the extreme conditions 
which are thought to be necessary to bring about 
the conversion of any form of carbon into 
diamond. From thermodynamic considerations, 
F. D. Rossini and R. S. Jessup of the U.S. 
Bureau of Standards found in 1938 that the most 
probable pressure, at 0 deg. Kelvin, for the rever- 
sible transition was 13,000 kg per square centi- 
metre. ‘This pressure was stated to increase 
with increasing temperature. In experiments 
carried out by P. W. Bridgman, it was found 
that at ordinary temperatures the transition is so 
slow as to be unmeasurable, and does not run 
even at pressures of 400,000 kg per square centi- 
metre, which was the extremest pressure attain- 
able in the laboratory at the time. 

In 1946, Bridgman reported on some ex- 
periments carried out at Harvard under the 
sponsorship of the G.E.C., Carborundum, and 
Norton companies. In these tests samples of 
pure graphite or graphite seeded with diamonds 
were subjected to pressures of the order of 30,000 
kg per square centimetre (in one instance, 
45,000 kg per square centimetre) and tempera- 
tures in excess of 2000 deg. Cent. The elevated 
temperatures were produced either by pre- 
heating the samples and quickly transferring 
them to the pressure cylinder, or by heating 
them in situ by an inserted thermite cartridge 
while the pressure was nearing its maximum. 
Temperatures in excess of the melting point of 
molybdenum (as shown by test discs of that 
metal) were attained in some cases and main- 
tained for a matter certainly of seconds. While 
the graphite was compressed permanently to 
the maximum density found in nature, no change 
to diamond was observed. On the other hand, 
a study of the graphitisation of diamonds under 
those conditions produced some interesting 
results. For a certain temperature the value of 
which was unknown but which was kept constant 
by always using the same thermite charge, graphiti- 
sation was 100 per cent at 15,000 kg per square 
centimetre, but fell to zero at 30,000 kg per square 
centimetre with intermediate pressures giving 
graphitisation percentages of which the average 
lay on the same line. Owing to the expiry of the 
research contract the work had to be abandoned 
before it could be extended to pressures in excess 
of 30,000 kg per square centimetre. 

About a year ago, the General Electric 
Company claimed to have made diamonds 
in its laboratory at Schenectady, New York 
(see THE ENGINEER, March 25, 1955, page 432). 
The stones were stated to measure up to yin. 
Pressures of the order of 100,000 kg per square 
centimetre and temperatures of 2750 deg. Cent. 
were employed, from which it may be concluded 
that the experimental difficulties must have been 


at. 

A short time later the A.S.E.A. Company of 
Vasteras, Sweden, announced that it had carried 
out similar experiments in collaboration with 
Mr. Baltzar von Platen, and had obtained 
diamonds for the first time on February 15, 
1953. These had consisted of about 40 small 
crystals, smaller than those made by G.E.C., 
and had been cube-shaped and colourless or 








THE ENGINEER 





faintly tinged with green. Their genuineness 
had been established by several tests, including 
X-rays, and the experiment had been repeated 
several times with success. The accompanying 
illustration shows a few of the diamonds 
made by A.S.E.A. It appears that the volume of 
the pressure container used by A.S.E.A. was con- 
siderably larger than that employed by G.E.C., 
and measured up to 30 cubic inches. 

Neither pressures nor temperatures could be 
measured with any degree of accuracy, but had 


» been of the order of 80-90,000 kg per square 


centimetre and 2750 deg. Cent. 


Gas Turbine Plant for Swedish Power Board 


We have received details of the gas 
turbine plant ordered last autumn by the Swedish 
Power Board for Vastervik power station. The 
equipment is to consist of a Stal 40MW gas 
turbo-generator, and will mainly be used for 
stand-by and peak load purposes on the south- 
eastern part of the Swedish grid, including the 
island of Gotland. Vastervik is situated at the 
mainland end of the high tension d.c. transmission 
line to Gotland. During dry years, the generator 
set will be used continuously to help make good 
the deficiency of hydro-electric power. 

The Vastervik set is the first gas turbine set 
to be ordered by the Board. At the same time, 
it is the largest set of its kind in the world. Its 
commissioning is scheduled for 1959, but before 
then, some time will be spent on running-in at 
the site. 

Designed for a high compression ratio, the 
gas turbine has an intercooler between the low 
and the high pressure compressors. No heat 
exhanger is incorporated as load conditions 
are not such that a design for maximum thermal 
efficiency is required. Specific heat consumption 
on full load, burning heavy fuel oil, is to be 
12,700 B.Th.U. per kilowatt hour corresponding 
to an overall thermal efficiency of 26-9 per cent. 
For starting, the same method is to be used as 
on earlier Stal gas turbines, viz. the turbine is 
to be fed with compressed air from a storage 
tank. This means a cool and rapid start, taking 
about 10 minutes, which can be carried out in a 
dead station without auxiliary current supply to 
a starter motor. As in most of the plant belong- 
ing to the Swedish Power Board, general opera- 
tion will be nearly fully automatic. This is 
stated to be of advantage, especially for a plant 
which is not continuously used. 

The alternator is to be hydrogen-cooled, 
which reduces the mechanical losses and makes 
running more efficient. When not required as 
a power generator, the alternator will be used 
as a synchronous condenser. For this purpose 
it may be disengaged from the power turbine 
by means of a special coupling operated at speed. 


Dr. Karl E. Markau 


The death has been reported from 
Germany of Dr. Karl E. Markau, who died at 
Wuppertal-Elberfeld on December 25th last, 
aged eighty. Dr. Markau was the founder of the 
German Chamber of Commerce in London and 
its president for many years. After the war he 
formed an association for the promotion of 
Anglo-German trade, and also a German- 
Canadian trade association. 


Swiss Industries Fair 


The fortieth Swiss Industries Fair will 
take place this year at Basle from April 14th to 
24th. This is the most important trade fair of 
Switzerland, at which some 2300 ‘ exhibitors 
are expected, the majority of them industrial 
firms. There. will be seventeen groups of 
exhibitors, the largest contingent being from the 
watchmaking industry, which will be represented 
by over 150 firms. Next in importance will be 
the textile industry, followed by general engineer- 
ing and the electrical industries. The machine 
tool industry is not exhibiting at this year’s 
Basle Fair, but will again do so in 1957. The 
space normally given to machine tools is to be 
used for a special section on textile machinery. 
The Basle Industries Fair will occupy twenty-one 
exhibition halls with a total floor space of 
1,331,500 square feet. At last year’s Fair there 


were 30,000 visitors from abroad, of whom 1000 
had come from overseas. 
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O.E.E.C. ‘* Buyer’s Guide ” 


Until 1952 the O.E.E.C. issued a booklet 
at regular intervals giving information on avail- 
ability for export and delivery periods of 
machinery and equipment of all kinds. This 
publication was then suspended because of the 
situation of the engineering industries con- 
cerned. It has now been decided to publish a 
list of the associations of manufacturers of 
engineering equipment in member countries, 
based on’ information supplied by the govern- 
ments concerned. These trade associations are 
voluntary bodies and do not necessarily include 
all the manufacturers in any given field. It is 
also pointed out that trade associations do not 
act as commercial agents, but are able to provide 
buyers with impartial information about delivery 
possibilities for equipment which falls within 
their province. Useful contacts can thus be 
made with prospective suppliers, and, in many 
cases, the associations are able to give importers 
access to trade catalogues, directories and tech- 
nical reviews, all of which are valuable sources 
of information. The booklet is in two sections, 
consisting of a table of subject references 
arranged according to the O.E.E.C. nomencla- 
ture, and a list of associations arranged accord- 
ing to countries. It is obtainable through H.M. 
Stationery Office, price 3s. 6d. 


V.D.L. Lubrication Congress 


A general survey of the present state of 
lubrication technology and research is to be 
given at the forthcoming congress on ‘‘ Friction 
and Lubrication,” arranged by the Verein 
Deutscher Ingenieure to take place at Darmstadt 
Technical University from March 20 to 22, 
1956. Lectures will be given by well-known 
scientists and engineers, both from Germany and 
from other countries. These will deal with 
hydrodynamic and boundary lubrication, the 
physical and chemical fundamentals of modern 
lubrication science, chemical and physical con- 
stitution of lubricating oils and greases, including 
modern synthetic substances, the application 
and mode of action of additives, and some 
rheological and hydrodynamic questions. On 
the last day of the conference, the theme will be 
the practical application of lubrication principles 
to slider and journal bearings, gearing, and pis- 
tons. In addition, the problem of testing and 
classifying various lubricants will be dealt 
with. All the lectures will be supplemented by 
discussions. Those who are not able to attend 
for the whole of the three days have the option 
of attending for one or two days. Further 
particulars of the Congress, which is the first of 
its kind since 1938, can be obtained from V.D.I. 
Fachgruppe Gestaltung, Diisseldorf, Prinse- 
Georg-Strasse 77, German Federal Republic. 


Swedish Trade Developments 


For the eleven-months period January- 
November, 1955, Swedish imports totalled 
Kr. 9388 million while exports amounted to 
Kr. 8145 million. These figures compare with 
Kr. 8281 million and Kr. 7389 million for im- 
ports and exports respectively in the correspond- 
ing period of 1954. Thus, the trade deficit rose 
from Kr. 892 million to Kr. 1243 million. 

With figures for the same period in 1954 in 
brackets, January to November imports of coal 
and coke were 5-2 million tons (4-4 million tons), 
mineral oils 7-2 million tons (5-7 million tons), 
iron and steel 789,000 tons (633,000 tons), and 
cars, 88,387 vehicles (83,569). Textile imports 
remained practically unchanged at a value of 
Kr. 1046 million. 

Of the value of the increased exports, Kr. 750 
million (60 per cent) was accounted for by forest 
products. Shipments of sawn and planed timber 
rose from 3-6 million cubic metres to 4-3 million 
cubic metres, of chemical pulp, from 1,683,000 
tons to 1,754,000 tons and of pdper and boards, 
from 707,000 tons to 760,000 tons. Exports of 
iron ore rose from 13 million tons to 14-4 million 
tons, and of iron and steel, from 128,000‘tons 
to 179,000 tons. Deliveries of vessels to foreign 
owners increased from Kr. 507 million to Kr. 
519 million. Due primarily to a decrease in the 
shipments of butter and cereals, food exports 
showed a decline, from about Kr. 140 million 
to Kr. 88 million. 
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Industrial and Labour Notes 


Railway Wages 


On Thursday of last week the British Transport 
Commission stated that it was prepared to 
increase railway workers’ wages by 7 per cent. 
The offer included, in addition, certain improve- 
ments in hours and conditions, and an under- 
taking to put forward in the near future pro- 
posals concerning a sick pay scheme. This is 
the Commission’s reply to claims for wage 
increases put forward towards the end of last 
year by the three railway unions. The National 
Union of Railwaymen asked for an increase of 
10 per cent, while the Associated Society of 
Locomotive Engineers and Firemen and the 
Transport Salaried Staffs Association each made 
a claim for a 74 per cent increase. It has been 
stated that the Commission’s offer of a 7 per 
cent increase would mean an addition to the 
annual wages bill of nearly £23,000,000, and that 
the other concessions included in the offer would 
take up a further £2,000,000 a year. 

Commenting on the offer, the chairman of the 
British Transport Commission, Sir Brian Robert- 
son, said that the Commission’s first objective 
was a loyal, efficient and contented staff. The 
offer had been made with that object in view, 
and he believed that, if it was accepted, it would 
be “a very big step forward.” It is understood 
that the improvements in hours and conditions 
include a day off to employees who work on 
public holidays, in addition to the higher rates 
paid for work on those holidays, and overtime 
pay at the rate’ of time and a quarter for work 
between 2 p.m. and 10 p.m. on Saturdays. 
Furthermore, it has been suggested that certain 
supervisory grades who now work a forty-four- 
hour week should have their hours reduced to 
forty-two a week. 

On Friday evening, it was stated that the 
executives of each of the three railway unions 
had considered the Commission’s offer and had 
accepted it. On the same day there was a meeting 
of the British Transport Joint Consultative 
Council, on which management and workers are 
represented. A statement issued after the 
meeting said that the Council wished to assure 
those who travelled by British Railways or used 
the freight services, that the representatives of 
management and staff were united in their aims, 
both to improve as far as possible the services 
which the railways were now giving, and also to 
make rapid progress with the modernisation 
plan. At this time, the statement added, there 
was no difference of opinion between the repre- 
sentatives of management and staff which could 
be regarded as an obstacle to the achievement of 
their united aims. 


F.B.1.’s Budget Representations 


The Federation of British Industries has 
published the representations which, following 
its usual custom, it has submitted to the 
Chancellor of the Exchequer for consideration in 
framing his annual budget. It is again urged, in 
the F.B.I. statement, that the prime object of 
economic policy should be the maximum 
expansion of the means of production and the 
improvement of competitive efficiency. It is not 
enough, the Federation says, to arrest public 
expenditure at its current level and to rely on an 
increase of production to reduce the relative 
burden. There must be an absolute cut in 
public spending, though the F.B.I. recognises 
that full implementation of that policy might not 
be practicable by the time of the budget. But it 
does emphasise the necessity to make vigorous 
progress with the reduction of expenditure as a 
preliminary to a significant reduction in the 
general level of taxation at the earliest possible 
moment. 

_ In other of its proposals the F.B.I. says that, 
when so much depends on the ability of industry 
to stabilise and, if possible, to reduce selling 
prices, it is illogical to inflate costs by levying 
purchase tax on goods and matérials used by 
industry, such as commercial vehicles, office 


equipment, commercial lighting fittings, and 
industrial clothing. The same applies to light 
hydro-carbon oils used for industrial purposes 
other than transport, the statement continues, 
and consideration should also be given to a 
material reduction in the duty on road fuel, since 
it is largely paid by business and public transport 
and is a significant element in business costs. 
Another point in the statement is that, since the 
war, British industry has been handicapped by 
taxation in its efforts to build up overseas enter- 
prises. The Federation suggests the creation, as 
recommended by the Royal Commission on 
Taxation, of a special category of company 
engaged in overseas operations but controlled 
in the United Kingdom. Profits would be 
subject to United Kingdom taxation only when 
distributed. 

Finally, there are comments about profits tax 
and earned income relief. The Federation says 
that it has repeatedly argued, and the Royal 
Commission has agreed, that if profits tax is 
necessary a flat rate tax is preferable to the 
present differential system. This, it is felt, is an 
alteration which should be made with the least 
possible delay. About earned income relief, 
the F.B.I.’s observation is that high taxation 
creates the belief among the potential executives 
of the future that the net return is insufficient for 
the responsibilities and anxieties involved. If 
taxation renders it difficult or impossible to 
reward or encourage enterprise and efficiency, 
or makes it difficult to persuade the right kind 
of person to undertake the responsibility of 
management, the result will be serious. 


Employment Trends 


In Bulletin for Industry, a review of the 
economic situation prepared by the Treasury, it 
is stated that the total in civil employment in 
Great Britain increased between mid-1954 and 
mid-1955 by 292,000, or 1-3 per cent. This com- 
pared with an increase of 366,000 in the pre- 
ceding year. The distribution of the extra man- 
power in 1955 followed broadly the trends since 
1948. The biggest growth was in the manu- 
facturing industries, and within manufacturing 
in the metals, engineering and vehicles group ; 
there was some increase in the distribution trades 
and less employment in agriculture, transport 
and communication, and public administration. 

Unemployment reached its lowest post-war 
point during 1955, the average between January 
and November being 233,000, compared with 
287,000 a year earlier. In mid-1955 there were 
over two vacancies for each person unemployed, 
but in the closing months of the year the number 
of vacancies was falling a shade faster than is 
normal at that season. In manufacturing 
industry, in spite of the increase in employment 
of 217,000, there was a further rise in unfilled 
vacancies, which in October numbered 183,000, or 
15 per cent more than a year earlier. The 
Bulletin says that the number of vacancies has 
increased in most regions and occupations in 
Great Britain, and most heavily where engineer- 
ing is predominant. 

The Bulletin remarks that civil employment in 
the United Kingdom may increase further in the 
present year, but not necessarily as much as in 
recent years. It is also pointed out that there is 
little scope for further increases in working 
hours ; at the last inquiry the average working 
week was 46-9 hours. With pressure on labour 
resources so heavy, the Treasury adds, higher 
productivity must be the main if not the only 
means to a bigger national output. It is there- 
fore of particular importance that manpower 
should be employed where it can be most 
effective. 


Industrial Relations 


In a statement circulated with the annual 
report of The United Steel Companies, Ltd., the 
chairman, Sir Walter Benton Jones, Bt., says 
that last year’s railway and dock strikes might 


give the impression that “employers ang 
employees in this country are at daggers drawn,” 
This impression, he asserts, is quite wrong. jr 
Walter believes that relations between employers 
and employees in the many thousands of estab. 
lishments in which our industries are conducted 
are better and more understanding tian they 
have ever been, and working conditions haye 
reached a very high standard. 

It is doubtful, Sir Walter continues, if the 
public appreciates that machinery is in existence 
and in operation which provides a voluntary 
means of negotiating the wages and working 
conditions for the whole working popuiation, 
But, the statement adds, there are times when in 
spite of it strikes occur, and if they concern 
matters of wages or working conditions, and 
proper notice to terminate contracts of service js 
given, they are within the law. Such stoppages, 
Sir Walter claims, are not really very frequent, 
It is certainly true to say, he comments, that the 
time lost in strikes is much less than it was 
twenty or thirty years ago, when it was not 
uncommon for 7,000,000 working days to be 
lost, or nearly three times as many as in 1954, 
and in those days the working population was 
much less than it is to-day. 

But, Sir Walter observes, recent strikes have 
attracted attention because they seem to have 
moved beyond the orbit of trade disputes and 
appear to be abuses of the strike privilege. This, 
he says, may be a passing phase or it may be 
feared to be the beginning of irresponsible or 
even subversive movements which could under- 
mine the machinery for conducting industrial 
relations. It would be no exaggeration to say, 
Sir Walter remarks, that this machinery is a 
great national asset. To prevent such under- 
mining, Sir Walter urges, must be the concern not 
only of representative bodies of employees and 
of employers and managers ; in the long run it 
must be the concern of every one of the 23,000,000 
working population and their dependants. 


Proposals to Counter an Inflationary Economy 


The London Chamber of Commerce has 
recently submitted to the Chancellor of the 
Exchequer, Mr. H. Macmillan, its views on the 
present economic situation, and its suggestions 
for halting the inflationary trend of prices. 
Probably both increased production, and cur- 
tailed demand in the home market are necessary, 
it is considered, but the former is clearly the more 
satisfactory long-term objective. It is the 
Chamber’s submission that the primary cause of 
inflation is that “too many jobs are chasing 
too few men and women,” and there is conse- 
quently competitive bidding between employers 


-for an inadequate supply of labour. The amount 


of labour in relation to the number of jobs can 
be controlled, it is suggested, by (a) postponing 
capital development, (6) bringing pressure to 
bear on the financially weaker concerns, so 
releasing their labour for financially stronger 
ones, (c) cutting out both central and local 
government activities of marginal utility, (d) 
employing labour more economically, e.g. by 
increasing mechanisation and eliminating re- 
strictive practices, and (e) importing labour from 
abroad. It appears, the Chamber’s statement 
continues, that the Government is concentrating 
on methods (a) and (6), but with (a) the tech- 
nique employed is essentially indiscriminate, and 
(b) is undesirable for reasons which are given in 
some detail and which, it is contended, show that 
method (5) results in economic waste and 
diminution of production. The Chamber’s 
statement also affirms that since the first world 
war changes have been so profound that financial 
measures which could then have been relied 
upon are now inappropriate. The Government’s 
policy in restricting hire purchase has been 
effective in curtailing demand, it is said, and the 
statement concludes with the opinion that there 
are many directions in which a worthwhile 
number of men and women could be released 
both from central and local government service. 
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International Atomic Exposition at 
Cleveland 


BY OUR AMERICAN EDITOR 
No. Il—(Continued from page 113, January 20th) 


The first International Atomic Exposition was held at the Public Auditorium in 
Cleveland, Ohio, from December 10th to December 16th in conjunction with a 


Nuclear Engineering and Science Congress. 


The exhibition was organised under 


the sponsorship of the American Institute of Chemical Engineers and was attended 


by some 20,000 visitors. 


It presented a comprehensive picture of the current 


state of development in the application of atomic energy in American industry, 
and this article reviews certain exhibits of particular interest. 


Atco Propucts, INCORPORATED 

THz display of Alco Products, Incorporated, 

Schenectady, New York, emphasised the con- 
struction of ‘the so-called Army Package Power 
Reactor and, for the first time, offered detailed 
technical information concerning its design. This 
1925kW nuclear generating station is being built 
for the U.S. Army at Fort Belvoir, Virginia, by 
the firm at present. Ground was broken at the 
site on October 5, 1955, and initial operation of 
the plant is to be started in the early part of 1957. 
An extensive testing programme is to be com- 
pleted before the end of that year. While the 
original design study was intended to meet the 
needs and site conditions of a remote military 
base, the prototype reactor is now being con- 
structed at a site in the United States. However, 
the original requirement that all components be 
transportable by air is still valid, even though the 
site is not remote. 

In accordance with the present design the 
reactor will be operated at a heat rate of approxi- 
mately 10,000 B.Th.U. per second, and the 
generator will deliver 2105kW with the condenser 
cooling water at the conventional temperature 
of 70 deg. Fah. Since the average station 
services amount to 180kW, the net station output 
is 1925kW, equivalent to an efficiency of 19} per 
cent. The basic shielding of the reactor is 
achieved by an iron-and-water layer shield. 
Since the availability of aggregate for a concrete 
shield could not be relied upon at any and all 
possible future sites, the iron-water system was 
selected, for it reduced the total weight to be 
transported in areas where aggregate was lacking. 
In the event of a major system rupture the con- 
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Fig. 4—Core cross section of U.S. Army package power reactor being con- 
Incorporated 


structed by Alco Products, 


tainment of contaminated vapour is provided by 
a container 36ft in diameter and 64ft high. The 
enclosed volume will contain all of the steam 
generated by the flashing of the superheated 
primary and secondaty system water volumes. 
The use of this structure necessitated some special 
care in the method of handling spent fuel. When 
the reactor is refuelled spent elements are 
removed, under water, to a catch basin at the 
bottom of.a deep water-filled storage pit outside 
the vapour container. Thus, not only are the 
fuel elements at all times accessible from the 
outside for removal to a reprocessing plant, but 
they are also available to return to the reactor if 
it is desired to perform additional test work. 












As shown in Fig. 4, the reactor design is a 
20in square with the corner elements removed 
in order to approximate a cylinder. There are 
forty plate fuel elements of stainless steel and 
enriched uranium, 23in square and 22in in active 
length. Five control rods are employed, four of 
which are operated in unison as a shimming 
control. The fifth or central rod is used for close 
control in adjusting to the hourly variation of the 
reactor. All of these are operated without servo 
controls since the reactor has a high negative 
temperature coefficient and, hence, is highly 
stable. The reactive portions of the fuel elements 
are fitted with inlet and outlet end boxes, so 
that the overall fuel element length is nearly 3ft. 
As shown in Fig. 5, they are held in position by 
a top and bottom grid, both of which are sup- 
ported from a diaphragm within the thermal 
shield, which, in turn, is supported by an internal 
flange in the upper portion of the pressure 
vessel. The core is contained within a reactor 
vessel 4ft in diameter 
and 8ft Sin high. Cool- 
ing water is introduced 
immediately below the 
flange which supports 
the reactor and serves 
to direct the water to 
the entrance plenum 
chamber at the bottom 
of the reactor vessel. 
From the bottom, 
the water flows up- 
ward through the fuel = 
elements to the exit 
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with the catch basin at the bottom of the spent 
fuel pit which is outside the vapour container. 
The fuel elements are passed one at a time 
through this transfer tube to the bottom of the 
spent fuel pit and stored individually in holders 
in the bottom of the pit, which are provided to 
keep the fuel elements from assuming a critical 
geometry. 

Fig. 5 also shows the primary shield around the 
reactor, which consists of light layers of iron 
2in thick in a water tank 47in thick radially. 
The resulting neutron attenuation is considered 
to be more than adequate for radiological safety 
purposes. The gamma attenuation of this shield 
is also sufficient to reduce the radiation leaking 
from the core to a level equal to that due to the 
primary coolant water in the pipes and steam 
generator. The additional shielding is accom- 
plished by the 2ft thick concrete lining of the 
vapour container, supplemented by an additional 
3ft outside of the vapour container in the operat- 
ing levels. This additional thickness reduces 
the radiation level in continuously occupied 
areas to values of the order of 20 per cent of the 
accepted maximum values. 

The control rod drive is situated below the 
reactor vessel, resulting in two important 
advantages. First, the rod actuating mechanism 
is completely independent of the cover plate ; 
hence, no possibility exists for opening of the 
pressure vessel to precipitate a nuclear incident 
by withdrawal of control rods. Secondly, the 
major part of the drive system is made more 
readily accessible for maintenance and adjust- 
ment. The control rod consists of a square, 
hollow basket structure into which removable 
fuel and absorber portions are inserted. Each 
of these two units is equal in length to the active 
length of the core. With this design, the con- 
sumable portions can be removed and replaced 





peers Shield Tank 


Fuel Transfer Tube 
i 
a 


téa Cover Plate 


| 3 

rae sees 

| E es Control Rods 
A ae oA Iron id 


Support Flange 








plenum chamber, from Outlet 


C.l. of | 
Reactor 









Typical 


Fuel 
Assembly 


Se ee ee yl 


which the exit nozzle leads the water to the 
steam generator. When fuel is to be changed 
the reactor cover plate is removed, after 
which the upper retaining grid can be removed, 
which exposes the fuel elements and the control 
rods. The well above the reactor is filled with 
water at all times so that the fuel. elements are 
always submerged at least 12ft.. This depth of 
water provides enough shielding to prevent over- 
exposure of personnel working on the platform 
at the top of the tank during the short period 
that fuel elements are actually being transferred. 
Fig. 5 indicates the fuel transfer tube with its 
inner end immediately above and to the left of 
the reactor vessel, communicating diagonally 
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Fig. 5—Sectional elevation of U.S. Army package power reactor showing 
reactor vessel and primary shield 


without disturbing the mechanical adjustments 
of the control rod drive system. Integral with 
the basket structure at its bottom end is a lin 
diameter extension, machined to provide a rack. 
A pinion engages this rack and is driven by means 
of a shaft which brings the shaft seal well out 
to the side and into an area where the radiation 
intensity is low enough to ensure that induced 
activity is harmless. The seal itself is a labyrinth 
disc seal with clean water introduced near the 
inner end. A slow inward leakage of pure water 
occurs under a slight pressure differential between 
the pure water and the outside atmosphere. The 
existence of the buffer zone of pure water assures 
that no radioactivity leaks through the shaft 
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seal. A magnetic clutch is used to obtain quick 
disengagement of the rod and drive motor so 
that the rod may be released to fall under the 
action of gravity. By minimising the rotating 
inertia, an acceleration of ? g is expected 
despite the buoyant effect of the water displaced 
by the rod. 

In the primary cycle of the plant, 4000 gallons 
per minute of water are circulated through a 
closed loop consisting of the reactor and the 
steam generator with connecting piping. Water 
leaves the reactor at 450 deg. Fah. and enters the 
steam generator, passing through U-tubes which 
are surrounded by the boiling water in the 
secondary circuit. The primary water is cooled 
to 431 deg. Fah. at full load, and after leaving the 
steam generator is returned to the reactor by 
one of two “canned rotor” motor-driven 
coolant pumps. The “ Y ”’ connection between 
the pump outlets is provided with a balanced 
swing check valve which remains in the closed 
position on the idle pump. A small backflow 
is provided, in order to prevent the “ dead” 
leg from cooling more than 10 deg. below the 
operating leg. This prevents a “slug” of cold 
water from entering the reactor as a result of 
activating the standby pump. 

Pressure is maintained at the 1200 Ib per square 
inch operating level in the primary coolant 
circuit by a steam pressuriser vessel containing 
two 50kW heaters, which may be operated in 
increments of 10kW. The units are controlled 
from individual thermostats so that, as surges in 
the primary system progressively depress the 
temperature, additional elements are taken into 
service to increase the rate of return to equilib- 
rium. The pressure of 1200 lb per square inch 
provides insurance against boiling in the reactor 
during all normal operations. The hottest 
surface metal temperature in the reactor is 
below the steam saturation temperature of 
567 deg. Fah., even after allowing for the effect of 
some fouling of the transfer surfaces. 

Steam is formed in the steam generator shell 
at 200 Ib per square inch absolute at fullload. At 
the normal heat transfer rate in the steam 
generator the steam is superheated 25 deg. to 
reduce condensation in the last turbine stages. 
At decreasing loads, due to the constant primary 
coolant temperature, the temperature on the 
secondary steam side approaches 450 deg. Fah., 
so that at no load steam will be generated at 
423 Ib per square inch absolute. The turbine is 
designed for a 250 lb per square inch gauge inlet 
pressure, to provide operating margin for the 
increased inlet pressures at partial loads. A 
pressure-reducing valve is provided which will 
throttle the steam to maintain a 250 Ib per square 
inch gauge line pressure as decreasing load causes 
the steam generator pressure to rise above 250 Ib 
per square inch gauge. A safety valve ahead of 
the pressure reducing valve protects the steam 
generator, and a safety valve following the 
pressure reducing valve protects the turbine 
against over-pressure. The steam generator and 
steam turbine are connected with a single 8in 
diameter carbon steel pipeline, which restricts 
line pressure drop to only 10 lb per square inch, 
so that the full load turbine inlet pressure will be 
190 Ib per square inch absolute. 

Steam from the turbine is exhausted to a 
de-aerating surface condenser. Combined 
vertical hotwell and feed pumps are employed 
for the condensate return, thus avoiding the use 
of two sets of pumps. A steam-driven emergency 
pump is provided for feeding the steam generator 
during loss of electric power. In addition to the 
normal considerations, this pump is. useful in 
keeping a load on the steam generator as a means 
of removing decay heat from the reactor. The 
condensate is returned to the steam generator 
through the condensing side of the main con- 
denser air ejector and the feed water heater, 
which at full load raise the temperature to 
250 deg. Fah. The main source of heat for the 
latter unit is steam extracted from the turbine at 
35 1b per square inch absolute, although some 
economy is achieved by using the steam from the 
make-up evaporator to supplement the extracted 
steam. Circulating water for the condenser and 
cooling water for auxiliary services are taken 
from Gunston Cove on the Potomac River. A 
water pump well with dredged inlet will be built 
in the shallow cove to ensure a supply of water 
at all tide levels. Water is circulated by one of 
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two motor-driven vertical submerged pumps. 
The circulating. water is discharged from the 
condenser to a seal pit, in order to maintain as 
high a vacuum as practicable at the condenser 
water box. 

The electrical power is generated by a 2500kW, 
4160V, three-phase, 60 c/s turbo-generator. An 
outdoor substation is provided, however, in 
order to provide power for station services at 
460V, 208V and 110V. For the station services 
two 300kVA transformers are provided, one being 
used as a reserve in the event of failure of the 
normal transformer. An emergency 125V d.c. 
battery system is provided in the event of com- 
plete power failure. 

The stability of this reactor is such as to make 
it almost impossible for a reactor runaway to 
occur of such a proportion as to rupture the 
system. Nevertheless, conservatism has led to 
the adoption of a vapour container design which 
will confine the energy released in the improbable 
event of a simultaneous rupture of both the 
primary and secondary systems. The. vapour 
container consists of a steel cylinder, jin in 
thickness, 36ft in diameter and 64ft in overall 
height, with hemispherical ends of 4in thickness. 
The structure is designed to withstand a pressure, 
immediately after rupture, of approximately 
65 Ib per square inch gauge, a condition which 
lasts only for a short period of time due to 
absorption of heat by the structure, with subse- 
quent rapid loss of pressure. Since the energy 
released is of major proportions, the violence of 
the rupture is presumed to cause parts of the 
system to break off and become high-velocity 
missiles. To prevent such missiles from rupturing 
the vapour container envelope, an interior lining 
of concrete 2ft thick is employed. Access to the 
vapour container is permitted only when the 
reactor is shut down, since the activity level due 
to gamma rays during operation is well above 
permissible levels. This access is achieved through 
a hatch situated at ground level, which consists 
of two steel doors, approximately 8ft apart with 
the intervening space filled with water during 
operating periods. The combination of iron and 
water provides shielding equivalent to the 5ft of 
concrete. The water can be drained from the 
chamber in about ten minutes, so that there is 
little delay in gaining access to the vapour 
container. 

On the leased charge basis of 25 dollars per 
gramme of contained U235 announced by Mr. 
Lewis B. Strauss at the recent Geneva Con- 
ference, Alco Products feels that: the above 
reactor can be operated at a cost of about 6 mils 
per kilowatt-hour (1 mil=0-001 dollar). Adding 
24 mils per kilowatt-hour for fabrication of fuel 
elements, and an estimated reprocessing cost of 
1 mil per kilowatt-hour, the firm anticipates that 
the total fuel cost will not exceed 94 mils per 
kilowatt-hour. With labour costs at 1-5 mils per 
kilowatt-hour, the total operating cost for a 
nuclear generating station in the 2MW range 
will amount to about 11 mils per kilowatt-hour. 
Using a 10 per cent rate of amortisation and an 
investment of 400 dollars per kilowatt-hour, the 
cost of a nuclear plant would be 5-8 mils per 
kilowatt-hour at an 80 per cent load factor. 
Thus the total nuclear plant costs would amount 
to 16-8 mils per kilowatt-hour. 


ATOMICS INTERNATIONAL 


The Atomics International Division of North 
American Aviation, Incorporated, Canoga Park, 
California, is now one of the most active 
American concerns in the field of industrial 
applications of atomic energy. Its stand at the 
exhibition comprised models of its five major 
reactor designs—a sodium graphite power 
reactor and four research reactors. In the 
opinion of the company, the sodium-cooled, 
graphite-moderated reactor, which has been 
designed for a thetmal output of 250MW, repre- 
sents one of the most promising economical 
approaches to nuclear power. The important 
aspects of this reactor are: (1) a high sodium 
coolant temperature (925 deg. Fah. at present, 
and probably 1200 deg. Fah later), which provides 
high thermal efficiencies; (2) a non-pressurised 
reactor heat extracting system which simplifies 
construction ; (3) a choice of fuel of either 
uranium or thorium, slightly enriched in U235 ; 
(4) an absence of chemical reaction between the 
fuel elements, coolants and structural materials ; 
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and (5) high reactor safety because of the lowe 
pressure system and the absence of Possible 
chemical reactions. 

The use of sodium as a heat transfer fiyid has 
many advantages. Sodium is easy to | 
liquid in a power plant system because i's Melting 
point is 208 deg. Fah. It boils at 1620 deg. Fah 
and thus permits adequately high coc’ant tem. 
peratures with the system at atmosph:ric Pres. 
sure. Sodium has an extremely high thermal 
conductivity and therefore is an exce!lent heat 
transfer medium. Also, the general a\sence of 
chemical corrosion in metal systems permits a 
wide variety of steels and other alloys to be used 
as construction materials. Graphite is used ag q 
moderator because it is mechanically easy tg 
handle, as compared to any liquid hydrogeneoys 
moderator, and because it is considerably les. 
costly than beryllium. The graphite moderator 
sections are canned in zirconium, thus preventing 
any absorption of sodium into the graphite, 

The company’s tank design research reactor is 
capable of producing a peak flux of | 19" 
neutrons per square centimetre per second at a 
power level of MW. The reactor uses enriched 
uranium as fuel,.and heavy water as moderator 
and coolant. A reactor of this basic design, the 
“ CP-5,” is now in operation at the Argonne 
National Laboratory. The reactor core consists 
of plate-type, metallic fuel elements containing 
enriched uranium. The heavy-water require- 
ment for moderation and cooling is kept to 
5000 Ib by minimising the size of the core tank 
and by using graphite as a reflector. The core 
tank, heat exchangers, pumps and other heavy- 
water handling equipment are sealed to conserve 
heavy water and to provide an enclosure for any 
radioactivity which might appear in the heavy- 
water. The reactor has a large thermal column, 
fifteen beam tubes and other experimental 
facilities. Vertically positioned rods are used 
to control the reactor. These rods are held by 
magnets and fall by gravity into the reactor in 
case of power failure or other emergency. As 
is true of all heavy-water-moderated and cooled 
reactors, the long prompt neutron generation 
time provides an important inherent safety 
factor. 

The solution research reactor of the firm 
produces a high-flux source of neutrons at 
minimum cost and with minimum fissionable 
material. This design of reactor has proved to 
be highly satisfactory as a general-purpose pile, 
Solution reactors for research have been designed 
and operated at power levels of less than 1W 
to approximately 40kW. Present design studies 
show that a 50kW reactor can be readily con- 
structed and placed in operation. The core of 
such a 50kW reactor consists of a stainless steel 
sphere containing enriched uranium sulphate 
solution. The core is surrounded by a graphite 
reflector 2ft thick and is cooled by refrigerated 
distilled water passing through stainless steel 
coils within the sphere. A closed-cycle system 
recombines the products of water decomposition 
and returns them to the core ; the same system 
provides for the removal of gaseous fission 
products. The concrete shield presents eight 
faces at which test facilities can be installed. 

Where high intensities are not required, a 
milliwatt solution reactor may be used as a 
neutron source. No cooling is required at this 
power level and the disposal of the evolved 
gases can be accomplished by accumulating them 
in an auxiliary cylinder. This reactor can be 
manufactured at minimum cost because of sim- 
plification of design. Two solution research 
reactors have been manufactured by the com- 
pany. One reactor is in operation at its Downey, 
California, works ; the other at the U.S. Atomic 
Energy Commission’s Livermore Research Labo- 
ratory. A 50kW solution reactor is presently 
being constructed by the firm for installation at 
the Armour Research Foundation in Chicago. 

The Atomics International pool research 
reactor is recommended for experiments and 
investigations requiring maximum neutron flux. 
This reactor is capable of operating at power 
levels up to 1MW, or, with certain modifications, 
to much higher power and flux levels. It uses a 
heterogeneous core of plate fuel assemblies of 
highly enriched uranium and aluminium alloy. 
The fuel-bearing portion of the core can be 
surrounded by reflector assemblies. The entire 
reactor core is immersed in a pool of high-purity 
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water which serves as the moderator, coolant 
and shield. A cooling system is essential for 
sustained operation at 1MW but may be omitted 
for lower power and intermittent operation. 
Operational access to the reactor is facilitated 
by appropriate walkways and a movable bridge 
situated above the surface of the pool. The 
pool reactor is considered to be the miost flexible 
of all research reactors, being easily adaptable 
to changing experimental requirements. Samples 
of any size can be placed conveniently at any 
position within the pool. Individual fuel 
assemblies can be removed for high-intensity 
irradiations within the core. The high neutron 
and gamma ray fluxes available with this reactor 
facilitate the performing of radiation-damage 
experiments ; also, highly collimated neutron 
beams can be provided for neutron diffraction 
and time-of-flight studies. Reactors of this 
design are in operation at Oak Ridge, Tennessee, 
in the Bulk Shielding Test Facility of the U.S. 
Atomic Energy Commission. 

The medical research reactor of the firm has a 
rated sustained power of 50kW and provides 
high purity neutron beams and gamma beams, 
with controlled exposure times in these beams. 
The enriched uranyl sulphate fuel-moderator 
solution is contained in a spherical-core tank 
which is surrounded by a graphite reflector and 
a dense concrete shield. The core solution is 
cooled by recirculated chilled water. Stainless 
steel is used to fabricate . 
all reactor components 
which come into contact 
with the fuel solution 
or reactor atmosphere. 
Radiolytic. and fission 
gases produced during 
reactor operation are 
handled in a closed-cycle 
system. The operation 
of the reactor requires 
no discharge of radio- 
active core effluents. In 
addition to the special- 
ised neutron and gamma 
ray facilities, this reactor 
has isotope production 
tubes, pneumatic tubes, 
neutron beam tubes, a 
fission-gas radiation 
source, and a central 
exposure tube. The 
excellent inherent safety 
characteristics of this 
reactor are combined 
with additional safety 
aspects to provide a 
contained installation, 
suitable for construction 
at densely populated 
sites. A reactor of this design is now being 
constructed by Atomics International for the 
Medical Centre at the University of California in 
Los Angeles. 


NUCLEAR DEVELOPMENT CORPORATION 


A model of a medical research reactor designed 
by the Nuclear Development Corporation of 
America, White Plains, New York, formed the 
central display of the firm’s exhibit at the Inter- 
national Atomic Exposition. The design is 
the first American one to be completed for a 
reactor to serve medical scientists in the study of 
neutron capture therapy. The scale model 
demonstrated how the reactor may be used in 
(1) the exploration and development of short- 
lived isotopes in diagnosis and therapy ; (2) the 
study of radiation effects on living organisms, 
and (3) neutron capture therapy, in which 
neutrons from the reactor induce radioactivity 
in elements implanted at tumour sites in the body, 
which, in turn, irradiate the tumorous tissue. 
The thermal flux available for this purpose at 
the treatment port is over 10'° neutrons per square 
centimetre per second. 

The medical research reactor design incor- 
porates many automatic safety provisions and, 
where possible, uses non-critical’materials. It is 
based on the availability of 20 to 90 per cent 
enriched U235. The major structural materials 
are aluminium, stainless steel and magnetite 
concrete. The patient shielding material is a 
compound laminate of lead, borated plastic 
and steel, with a neutron energy controller of 
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bismuth, heavy water and graphite. The reflector 
is graphite. The design provides for a patient 
treatment room and a large-animal irradiation 
room inside the main concrete shielding. The 
core of the reactor consists of slightly more thaa 
51b of uranium in a uranium-aluminium alioy 
with aluminium cladding. De-ionised water 
serves as the neutron moderator and carries 
away the heat generated in the fission process. 
Large blowers are used to air-cool the reflector. 
At peak power the reactor will produce 1MW 
of heat and a core flux of 10'* neutrons per square 
centimetre per second. 

The company, through its wholly owned 
subsidiary, Advance Technology Corporation, 
studied the potentialities of various neutron 
sources for medical research under a contract 
with the Brookhaven National Laboratory and, 
as a result, developed the preliminary design for 
the medical research reactor which was exhibited 
at Cleveland. The reactor is considered to 
be intrinsically safe. With the reactivity excess 
held below the delayed neutron fraction the 
possibility of a reactor accident is virtually 
eliminated. The use of aluminium-clad fuel 
elements also simplifies the often difficult problem 
of handling radioactive wastes. 


BENDIX AVIATION CORPORATION 


The Research Laboratories Division of the 
Bendix Aviation Corporation, Detroit, Michigan, 
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Fig. 6—Panoramic model of 180MW nuclear power station being built by the 
General Electric Company for the Commonwealth Edison Company in Illinois 


exhibited a_ model of its 1MW swimming pool 
research reactor which is based on the design of 
the swimming pool reactor in the Bulk Shielding 
Facility of the Oak Ridge National Laboratory. 
The Bendix reactor consists essentially of a core 
assembly, instruments and controls, a shield 
structure, and a coolant water system. The core 
contains the fuel, control and reflector elements 
submerged in a pool of water which performs the 
functions of a radiation shield, neutron moderator 
and coolant. Facilities for the research use of 
the reactor are built into the shield structure and 
include such specialised devices as beam holes, 
pneumatic tubes and thermal columns. 

The reactor core is suspended on an aluminium 
framework from beams situated at the top of 
the shield. Concrete shielding forms the walls 
of the pool. An annular well in the shield pro- 
vides storage space for radioactive material 
and fuel elements. Eight or more beam holes 
penetrate the shield and terminate in sealed ends 
adjacent to the core. Neutron sensory instru- 
ments used in controlling and monitoring the 
reactor are mounted immediately above one 
edge of the core. The control rods in the core 
are operated by drive mechanisms mounted above 
the water. 

The core is a modular assembly of water- 
cooled fuel and reflector elements placed in an 
aluminium grid plate. The fuel elements consist 
of plates of uranium-aluminium alloy while the 
reflector elements are made of beryllium oxide 
or graphite contained in aluminium cans. The 
reflector elements form a peripheral shell around 
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the fuel elements. Three of the fuel elements 
are designed to accommodate control rods of 
neutron-absorbing material which move vertically 
in guides. Coolant water flowing through the 
reactor core also serves as the moderator. The 
modular type of construction permits a high 
degree of flexibility in the arrangement of both 
fuel and reflector elements to satisfy the require- 
ments of individual experiments. The. structural 
materials used in the region of the core are 
selected to minimise neutron absorption. Water 
is used as the complete shielding material above 
and for part of the shield on the sides of the core. 
Reinforced concrete is used as the structural 
material for the pool and forms the remainder 
of the shield on the sides of the reactor. 


WALTER KIDDE NUCLEAR LABORATORIES 


The display of the Walter Kidde Nuclear 
Laboratories, Garden City, New York, related to 
the nuclear power station which has been designed 
by the firm under contract with the U.S.. Atomic 
Energy Commission for the intermediate power 
range between 35MW and 125MW. It is suit- 
able as a stationary unit for use in a utility grid 
or as a “ package”’ unit to furnish power to 
isolated regions. The fuel is in the form of 
slightly enriched uranium rods, jacketed in 
Stainless steel tubes to resist corrosion, and 
assembled in close-packed triangular bundles for 
insertion in the core. Water flowing through 
these bundles serves as both the moderator and 
the coolant, transferring the heat of fission in a 
closed pressurised loop from the reactor core to 
steam boilers. Graphite blocks are fitted around 
the core to act as neutron reflectors. The 
average reactivity is adjusted by controlling the 
composition of the water in the pressurised loop. 
As the reactor becomes more reactive by the 
generation of plutonium or less reactive by the 
burn-out of fuel, the reactivity changes are 
counterbalanced by the addition or removal of 
a dissolved neutron absorbing material. Short- 
term changes in reactivity associated with start-up 
and shut-down are accommodated by a set of 
“control tubes,”’ in which is maintained a con- 
trolled level of a strong liquid neutron absorber. 
These control tubes are situated in the core at the 
corners between adjacent triangular fuel bundles 
and are individually equipped with pumps and 
“scram ” mechanisms. 

The reactor core with its reflector is contained 
in a steel pressure vessel which is situated at the 
bottom of a deep water canal for shielding of 
personnel during fuel replenishment. By main- 
taining a high concentration of neutron poison 
in the canal water it is quite safe to remove the 
reactor cover, remove bundles of spent fue! rods 
and replace them with fresh bundles, Manipula- 
tion is by means of a hand-controlled crane and 
long-handled tools. The steam produced in the 
boilers is completely non-radioactive and is used 
in a conventional turbo-generator plant to 
produce electric power. The net production of 
power, after deducting all internal station 
requirements, is stated to correspond to an overall 
thermal efficiency of about 25 per cent or a 
thermal requirement of 13,700 B.Th.U. per 
kilowatt-hour. The reactor can be readily 
altered to use thorium fuel instead of uranium. 
The uranium rods would be replaced by thorium 
rods initially alloyed with U235. During 
extended operation the U235 would be gradually 
replaced by the U233 generated from the 
thorium. 


GENERAL ELECTRIC COMPANY 


A panoramic model, which is shown in Fig. 6, 
was exhibited by the General Electric Company, 
Schenectady, New York, to illustrate the atomic 
power station to be constructed by the firm at a 
site 47 miles south-west of Chicago for the 
Commonwealth Edison Company. The 200ft 
sphere will house the General Electric dual-cycle 
boiling water reactor and a turbo-generator. The 
180MW plant at present is the largest all-nuclear 
power station planned in the United States and 
will be completed by 1960. Details of the dual- 
cycle boiling water reactor were given in the 
American Section of THE ENGINEER of September 
16, 1955. 


(To be continued) 
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Personal and Business 


Appointments 


Mr. J. C. HARRINGTON has been appointed general 
service manager of Bristol Aircraft, Ltd. 


Mr. C. B. Morton has been appointed general 
manager of Spiro-Gills, Ltd., London Road, Pul- 
borough, Sussex. 


Mr. ARTHUR R. MITCHELL, and Mr. Evan R. 
CAMERON, B.Sc., have been appointed directors of 
Yarrow and Co., Ltd. 


MICROCELL, Ltd., 56, Kingsway, London, W.C.2, 
states that Mr. J. J. Molins, chief designer, has been 
appointed an executive director. 


Mr. F. M. DE Bass, A.M.I.C.E., has been appointed 
assistant (productivity and work study) in the chief 
civil engineer’s department, British Railways (London 
Midland Region). 


FINA PETROLEUM Propucts, Ltd., 25, Victoria 
Street, London, S.W.1, states that Mr. K. C. Wood- 
head has been appointed technical service manager 
in the fuel oil department. 


BRIGHTSIDE HEATING AND ENGINEERING COMPANY, 
Ltd., states that Mr. P. Bavenstock has been appointed 
manager of its Manchester office at 40, Byrom Street, 
Deansgate, Manchester, 3 


Mr. C. W. WixEs has been appointed manager of 
the London office of Thompson Brothers (Bilston), 
Ltd., following the retirement of Mr. A. J. Lowe, 
who has occupied the position for thirty-six years. 


Mr. N. G. BassettT-SMITH, sales manager-of Dunlop 
special products’ compositions’ division, has been 
appointed vice-chairman of the Midland centre of the 
Institute of British Carriage and Automobile Manu- 
facturers. 


COMMANDER J. B. Mattel (E.), R.N., (Rtd.) has 
been appointed Middle East representative for Asso- 
ciated British Engineering, Ltd., and its constituent 
companies, and is due to leave for the Middle East 
areas this month. 


Mr. S. W. MILLs and Mr. E. H. Twarrts have been 
appointed executive directors of the Plessey Company, 
Ltd., Ilford, Essex. Mr. Mills is manager of the coil 
winding division and Mr. Twaits is manager of the 
components division. 


Mr. E. J. MERCER, managing director of Allis- 
Chalmers Great Britain, Ltd., since 1953, has been 
appointed general manager of the construction 
machinery division, Allis-Chalmers Manufacturing 
Company, Milwaukee. 


Mr. P. J. OsBoRNE has been appointed manager 
of the Leith depot of the Marconi International 
Marine Communication Company, Ltd., in succession 
to Mr. A. F. Harrison, who has relinquished the 
position owing to ill-health. 


THE MINIsTRY OF SUPPLY announces the appoint- 
ment of Air Vice-Marshal W. A. Opie as principal 
director of aircraft research and development (Royal 
Air Force). Air Vice-Marshal H. D. McGregor 
has been appointed assistant controller of aircraft in 
succession to Air Vice-Marshal Opie, and Air Com- 
modore B. A. Chacksfield succeeds Air Vice-Marshal 
McGregor as director of guided weapons (trials). 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
Ltd., announces that Mr. C. H. Flurscheim, B.A., 
M.I.E.E., Mem.A.1.E.E., who since 1953 has combined 
the post of Assistant Chief Electrical Engineer with 
that of Chief Engineer, Switchgear i 
now devoting the whole of his time to the former 
appointment. Mr. E. Nicholson, B.Sc., A.M.LE.E., 
is appointed Chief Engineer, Switchgear Department. 


Mr. J. Hirp, works manager of Rudge Littley 
Ltd., has been appointed chairman of the manage- 
ment committee of the National Foundry Craft 
Training Centre. He succeeds Mr. A. N. Worm- 
leighton, joint managing director of the Phosphor 
Bronze Company, Ltd., who has been chairman of 
the committee since 1948. Mr. Wormleighton will 
continue to serve on the committee and on the Centre’s 
board of trustees. 


Business Announcements 


HALL AND MCLELLAND, Ltd., is moving on 
February Ist to 351, Brixton Road, London, §.W.9 
(telephone, Brixton 4068 and 4277). 


British CARBO Norit Union, Ltd., West Thurrock, 


Essex, and Whessoe, Ltd., Darlington, have made an 
agreement for the supply of Carbo-Union-Whessoe 


recovery plant. 


BoRAX CONSOLIDATED, Ltd., and A. BOAKE, 
ROBERTS AND Co., Ltd., state that they are now 
associated in the marketing and production of organic 
boron compounds. 


SAUNDERS AND TAYLOR, Ltd., has moved to new 
premises at Thermair House, 97, Chapel Street, 
Manchester, 3 (telephone, Deansgate 6382;  tele- 
grams, “* Warmth Manchester ”’). 


_ BRITISH PETROLEUM CHEMICALS, Ltd., states that 
its name is to be changed to British Hydrocarbon 
Chemicals, Ltd. The company is jointly owned by 
the British Petroleum Company, Ltd., and the 
Distillers Company. 


CATERPILLAR TRACTOR COMPANY, Ltd., has 
announced that it is to build a factory at Glasgow for 
manufacturing crawler tractors. The first phase of 
the project will give about 500,000 square feet of 
factory space and provide employment for approxi- 
mately 1500 people. 


THE Davin Brown CORPORATION, Ltd., has 
announced the formation of a new subsidiary, David 
Brown Industries, Ltd., to unify and consolidate the 
manufacturing activities hitherto carried on by David 
Brown and Sons (Huddersfield), Ltd., The David 
Brown Foundries Company, The David Brown Tool 
Company, The Keighley Gear Company, The 
Coventry Gear Company, David Brown-Jackson, 
Ltd., David Brown Gears (London), Ltd., David 
Brown Machine Tools, Ltd., David Brown Tractors 
(Engineering), Ltd. 


Contracts 


HENRY BALFOUR AND Co., Ltd., Leven, Scotland, 
has received a contract from the North Thames Gas 
Board for the construction of a tower box purifier 
at the Beckton gas works. The purifier, the cost of 
which is estimated at over £500,000, will treat 
30,000,000 cubic feet of gas a day. 


THE BURNTISLAND SHIPBUILDING COMPANY, Ltd., 
has received an order from the Alexander Shipping 
Company, Ltd., for a 12,000 tons deadweight motor 
cargo ship having a length between perpendiculars 
of 430ft, a breadth of 61ft 9in, and a depth moulded 
to upper deck of 38ft 3in. The ship will be propelled 
by a Hawthorn-Doxford oil engine of 5500 b.h.p. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
Ltd., through its associated company Associated 
Electrical Industries (India), Ltd., has obtained an 
order from the Punjab Government covering five 
water-turbine-driven a.c. generators for the first stage 
of the Bhakra Dam project on the Sutlej River in 
Northern India. Each generator will have an output 
of 100MVA at 166-7 r.p.m., the voltage being 11kV, 
three-phase, 50 c/s and the power factor 0-9. 
Each is to be driven by a 125,000 h.p. Francis turbine. 
The generators will be vertical-shaft machines with 
a thrust bearing above the rotor and two guide bear- 
ings, one above and one below. The ancillary equip- 
ment includes five Metropolitan-Vickers VTSR 
automatic voltage regulators, embodying magnetic 
amplifiers. 


THE GENERAL ELECTRIC COMPANY, Ltd., has 
received orders from the National Coal Board for 
two four-rope friction winders and control gear to be 
installed at the No. 6 shaft now being sunk at New 
Monckton 1 and 2 colliery in the No. 4 (Carlton) 
area of the North-Eastern Division. Both winders 
have drums of 10ft diameter. One is designed to 
raise 10 tons of coal per wind at the Melton Field 
level from a depth of 1065ft, with a drum speed of 
50 r.p.m. The second winder will raise a coal load 
of 10 tons from a depth of 1545ft at the Barnsley 
level. Both winders will be driven by a single 0/1550 
h.p., 500/0/500 r.p.m. d.c. motor. The excitation 
for the field of each motor will be provided by a 
constant-voltage exciter, while the armature will be 
supplied by a Ward Leonard set comprising a 
0/1040kW, 0/700V generator driven at 740 r.p.m. by 
a 1250 h.p., 11kV slipring motor. Control of the 
speed of the winder motors will be effected by means 
of G.E.C. control exciters connected in the field 
circuits of the Ward Leonard generators. 

The company has also received an order from the 
National Coal Board for a double-drum electric winder 
to be installed at the No. 1 shaft of Cadeby Colliery 
in the Board’s North-Eastern Division, No. 3 area. 
This winder will have two drums 16ft diameter by 
4ft wide, and is designed to raise coal from a depth 
of 2280ft, the drum speed being 46-9 r.p.m., with a 
skip load of 4-34 tons per wind, giving an hourly 
output of 160 tons. It will be driven through a single- 
reduction gear by a 2250 h.p. a.c. motor. All the 
electrical equipment will be manufactured at the 
company’s Witton works. 


AN INDEX TO THESES.—Aslib, 4, Palace Gate. 
London, W.8, has announced the publication of a 
second volume of its Index to Theses accepted for 
Higher Degrees in the Universities of Grewt Britain 
and Ireland. This index, which covers the academic 
year 1951-52, is arranged under subject headings 
and lists the titles of more than 3000 theses, ; iving the 
authors’ names and universities and the degrees for 
which the theses were presented. Aslib also States 
that the first volume of this index, covering the 
academic year 1950-51, has been reprinted. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS' IN 
ScoTLanp.—On January 24th, V. W. David, B.Sc. 
and L. J. Richards, B.Sc. (Eng.), Wh.Sc., read a 
paper with the title “Recent Developments in 
Lubricants for Use in Marine Equipment ” before the 
Institution of Engineers and Shipbuilders in Scotland, 
The paper states that in addition to providing a film 
of lubricant between working surfaces the modern 
lubricant must resist oxidation, prevent rusting and 
minimise wear. Recent developments in lubricants 
for steam and gas turbines and for internal combus- 
tion engines are briefly discussed, followed by notes 
upon lubricating greases and fire-resistant fluids, 
Finally, there is a general examination of the question 
of the design of lubricants. 


FuME REMOVAL FANS WTH P.V.C. IMPELLERS.— 
The range of bifurcated fans made by Keith Black- 
man, Ltd., Mill Mead Road, London, N.17, for 
industrial fume removal applications is now available 
with solid rigid P.V.C. impellers. The bifurcated con- 
struction of the casings of these fans allows the easily 
accessible, directly coupled driving motor to be com- 
pletely isolated from the fumes passing through the 
casing. Hitherto a weakness of these fans has been 
that local failure under certain conditions of the 
protective enamel or rubber coating on the impellers 
leads to chemical attack on the cast silicon-aluminium 
blades. The introduction of solid P.V.C. impellers 
has overcome this weakness, and the new fans are 
available in sizes from 10in to 19in, handling from 
555 to 4100 cubic feet per minute of free air. 


DiIgsEL ENGINEERS AND USERS ASSOCIATION.—On 
Thursday, January 19th, a paper entitled “ Free- 
Piston Gas Generators and their Applications ” was 
presented at a general meeting of the Diesel Engineers 
and Users Association by E. S. L. Beale, M.A., and 
P. Watson, B.A. The paper touches upon the more 
important practical aspects of the principles of the 
free-piston engine and refers to two classes of this 
engine. Historical notes describe the development 
of gas generators and the paper deals with mechanical 
items, characteristics, various points relating to 
controls, performance, installation and inspection 
and wear. Existing applications, as well as certain 
projected schemes, are broadly described and are 
grouped according to form of application. Six sets 
of stationary electrical generating plant, pumping sets 
and three rail traction units, are discussed, followed 
by a note upon use in road transport. Marine 
installations are reviewed and there are references 
to the coasters “‘Cantenac” and ‘* Merignac,” 
minesweepers for the French Admiralty, American 
*“‘ Liberty” ship conversions, and certain larger 
installations. The final application considered is 
the use of the free-piston engine as a mobile power 
plant. 


ANNUAL LUNCHEON OF B.I.M.C.A.M.—The annual 
luncheon of the British Industrial Measuring and 
Control Apparatus Manufacturers’ Association 
(B.I.M.C.A.M.) was held in London last week. The 
principal speaker at the luncheon was Mr. Derek 
Walker Smith, Parliamentary Secretary to the Board 
of Trade, who proposed a toast to the control and 
measuring instrument industry. Mr. Walker Smith 
said that the enthusiasm and enterprise of the 
instrument industry augured well for the future of both 
the industry and the country. The growth of auto- 
mation was largely dependent upon instrumentation, 
and to attain still greater production it would be 
necessary to develop new techniques and apply the 
developments of science to industry. In responding to 
the toast, Mr. G. A. Edwards, the chairman of the 
association, said that to-day the emphasis was on 
automation in industry and the association was 
keeping abreast of the developments in instrumenta- 
tion it called for. He pointed out that the annual 
production of the instrument industry was some 

20,000,000, and of this about one-third was 
accounted for in exports. The subject of automation 
was dealt with by another speaker, Sir Walter Puckey 
who said there remained a great field of application 
for automation, which had as yet barely been explored, 
not only in the factory, but also in offices and general 
services. 
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British Patent Specifications 


When an iv) ntion is communicated from abroad the name and 
address of ‘ve communicator. are printed in italics. When an 
pridgement (> not illustrated the-specification is without drawings. 
The date Ji"! given is the date of application ; the second date, 
1 the end the abridgement, is the date of publication of the 
omplete necification. Copies of specifications may be obtained 
. the Patent Office Sales Branch, 15, Southamp Buildi 

« Chancery Lane, W.C.2, 3s. each. 





INTERNAL COMBUSTION ENGINES 


25. March 10, 1954.—AmR CLEANERS FOR 
HEATING THE ENGINE MANIFOLDS AND CYLINDERS 
yo FACILITATE STARTING, Thomas Green and 
Son, Ltd., and’ Frank Bailey Knight, both of 
Smithfield Iron Works, Leeds, 2. 

The invention relates to air cleaners for com- 
pression ignition engines, which are difficult to start, 
particularly during low temperature conditions at or 
below freezing point. Referring to the drawing, a 
known form of air cleaner is shown, comprising a body 
Aand removable cover B in which the air enters to pass 
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down the inside of the cover and up through the 
filter medium C and then down through the tubular 
core D of the air cleaner. According to the invention, 
a ring, or annulus E of semi-circular or other con- 
venient section is located at the upper end of the core 
D so that access may be obtained to it on removing 
the cover. In use for the starting of the engine under 
cold conditions methylated spirit or other com- 
bustible liquid or solid fuel is charged into the trough 
E and ignited and afterwards the engine is cranked 
so that the suction will draw the flames from the 
burning substance down through the eore D to warm 
the inlet manifold and the cylinders of the engine. 
After the starting fuel has been consumed the engine 
fuel may be switched on and the engine started on 
further cranking the engine.—November 9, 1955. 


741,199. September 4, 1953. INTERNAL Com- 
BUSTION ENGINES FOR GASEOUS FuEL, The 
English Electric Company, Ltd., Queen’s House, 
28, Kingsway, London, W.C.2. (inventors : 
Robert Wesley Stuart Mitchell and Norman Dan 
Whitehouse.) 

The invention relates to internal combustion 
engines which normally operate substantially on a 
gaseous fuel and in which a small amount of liquid 
fuel may be injected to assure ignition of the charge. 
A considerable improvement in part load perform- 
ance in operation substantially on gaseous fuel can be 
brought about by restricting the engine air supply in 
part load conditions whereby a richer mixture is 
ensured. According to the invention, the reduction in 
air supply to the internal combustion engine is effected 
by heating at least part of the inlet air while the total vol- 
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ume of the inlet airfadmitted to the engine is reduced by 
throttling. As shown in the drawing, inlet air is 
admitted to the cylinders A of an internal combustion 
engine through an air manifold B, while the exhaust 
gases from the engine are discharged through an 
exhaust manifold C. Part of the inlet air is diverted 
into a by-pass D by a butterfly valve E and, after 
Passing the heat exchanger F, which is heated by gases 
from the exhaust manifold, this air rejoins the inlet 
air allowed by the butterfly valve to go straight 
into the manifold. The. total volume of air 
admitted to the cylinders .is-controlled by a second 
butterfly valve G built in between the air manifold B 
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and the cylinders. This second butterfly valve is 
coupled to the first butterfly valve E by a connecting- 
rod H in such a manner that the more the second 
valve G throttles the total air volume, the more the 
first valve E increases the proportion of air diverted 
through the heat exchanger F at the expense of the 
proportion going straight into the air manifold B. 
Both butterfly valves E and G are controlled through 
a common control rod J from the engine governor K. 
Gaseous fuel is added to the inlet air through an 
automatic valve L. While the invention is mainly, 
intended for use with internal combustion engines 
operating with pilot injection, it is likewise applicable 
oh — cases of spark ignition engines.—November 


741,173. November 18, 1952.—LigHT METAL 
Pistons, Wellworthy, Ltd., Radial Works, 
Stanford Road, Lymington, Hampshire. (In- 
ventors: John William Howlett and Sidney 
Bernard Dew.) 

__In the drawing a piston insert comprises a plate- 

like portion A of heat-resisting metal embedded in the 

recess of the crown of the aluminium alloy piston B. 

The plate member is connected by arms C to a ring 

which is recessed on its external periphery to form a 

carrier for the top compression ring D, the axial 

length of which increases from the outer periphery 
towards the centre. In the design shown the 
plate A is arranged off- ; 
centre to one side of the 
crown and where the fuel 
from a single-hole nozzle 
sprayer is directed to- 
wards the crown. It is 
important to incline the 
bottom surface of the ring 
carrier portion, as shown, 
in order «to prevent 
accumulation of oxide, 



















which | will impair the p A < 
nd, during casting. The wai SB 
upper surface of the ring =—_ D 
carrier portion is also pre- SAS 





ferably inclined as shown. = 
In constructing the piston c 

the insert, after thorough ————— 
cleaning, is then surface No. 741,173 
treated as described, for 

example, in Specifications Nos. 599,684, 599,725, 
606,330 and 652,794, whereafter the aluminium alloy 
is cast around it and the piston finally machined. Two 
modified designs are also shown in the specification.— 
November 30, 1955. 








MARINE ENGINEERING 


741,299. October 4, 1952.—Tow Hooks FOR MARINE 
Use, Ferguson Brothers (Port Glasgow), Ltd., 
Newark Works, Port Glasgow, Scotland. (dn- 
ventor : Hugh Strathern.) 

The invention relates to tow hooks for marine use 
and is a modification in, or improvement of the 
invention described and claimed in the specification 




















of Patent No. 715,270. The invention is illustrated in 
the accompanying drawing, in which A, B, C and D 
constitute four members}; of which members A and C 
are rigidly coupled to one another. The members 
B and D are coupled to one another by the 
wall of a cylinder £, and C comprises a piston 
slidable within the cylinder E. F is a spring 
separating the members B and C, which are referred 
to for convenience as intermediate members. G is a 
reservoir fitted to the outside of the cylinder E and 
communicating with the interior of the cylinder by 
ports HandJ. K is a shackle fastened to the member 
D, and L is a tow hook pivoted at M to the member A. 
Attached to the wall of the cylinder E are tubular 
guides N, in which are slidable bolts O fixed to the 
member A. As the spring F is progressively com- 
pressed as the hook L is loaded, the piston C moves 
along the cylinder and the ports H in the cylinder wall 
are successively masked by the piston, the area for 
egress of fluid from the cylinder to the reservoir G 
decreasing, and the resistance offered by the dashpot 
increasing. Fluid flows from the reservoir G to the 
space between the piston C and the member D 
through the port J. By this arrangement shocks are 
absorbed by the dashpot. When the load becomes 


constant, movement of the piston ceases and the load 
is wholly borne by the spring so that the pull on the 
towing cable is a function of the amount by which the 


spring is compressed.—November 30, 1955. 
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GAS TURBINES 


741,506. June 23, 1953.—OpEN CycLe GAS TURBINE 
Power PLANTS, The English Electric Company, 
Ltd., Queen’s House, 28, Kingsway, London, 
W.C.2. (Inventor: Robert James Welsh.) _ 

The invention relates to open cycle gas turbine 
power plants using gaseous fuel, such as natural gas 
blast furnace gas, methane from sewage plants or 
combustible by-product gases from industrial pro- 
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cesses. From the drawing it will be seen that the 
gaseous fuel is arranged to enter from pipe A, the air 
supply pipe B to the main gas turbine compressor C 
so that the main air supply of the gas turbine D and 
the fuel mix thoroughly in their passsage through the 
compressor C. On delivery from the compressor the 
gaseous mixture, which must be arranged to have a 
concentration of combustible mixture considerably 
weaker than the minimum explosive mixture strength, 
is directed through an exhaust-heated heat exchanger 
E to a combustion chamber F. This chamber con- 
tains a matrix of material suitable for withstanding 
high temperature and coated with an appropriate 
substance having the power of producing by catalysis 
an exothermic quasi-combustion reaction in fuel/air 
mixtures at concentrations below their explosive 
point. A suitable caialyst is platinised asbestos, but 
use may be made of proprietary devices operating on 
the catalytic principle and specifically intended for 
the combustion of weak fuel/air mixtures. The 
matrix ought preferably to be arranged in such a way 
that a_ relatively large area of its surface is 
exposed to the passage of the gases. On emerging 
from the combustion chamber F the gases pass to the 
gas turbine D and thence to the heat exchanger E in 
the normal way. More elaborate open cycle gas 
turbine power plants, including several compressors 
and/or gas turbines, may be constructed and operated 
according to the invention.—December 7, 1955. 


CONVEYING MACHINERY 


741,723. May 29, 1951.—OvERHEAD CONVEYORS, 
Parker Mitchell Engineering Company, Ltd., and 
Wallace James Parker, 63, Cumberland Road, 
Stepps, Glasgow. 

According to the invention an overhead conveyor 
has a driving connection between the load carrier 
and the flexible cable comprising a pair of rigid plates, 
each formed with grooves or channels whose ends are 
flared outwardly and in which the flexible cable is 
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located and clamped. As will be seen from the draw- 
ing, the overhead track A comprises an I-section 
rolled steel joist which extends in a closed circuit 
between the points to be served by the conveyor. 
The upper surfaces of the lower flanges B of the track 
are engaged by a pair of rollers C on coaxial or 
substantially coaxial pins D secured in the upper ends 
of a forked bracket E. To this forked bracket are 
secured a pair of depending clamping plates F between 
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which a driving rope or flexible cable G is clamped 
and which form with the bracket the load carrier. A 
load support H is fixed to the lower end of the plates 
F. When the plates F are clamped together by the 
bolts K the grooves L register with each other to form 
a substantially circular recess for the reception of the 
cable. When thus clamped (with or without the 
interposition of a grommet M), the cable is gripped 
in frictional driving connection to the plates F and, 
hence, to the load cariier. Adjustment of a load 
cartier lengthwise of the cable G is readily effected by 
loosening the clamping bolts and sliding the plates 
along the cable.-—December 14, 1955. 





Launches and Trial Trips 


Sept. ILes, ore carrier, built by the Furness Ship- 
building Company, Ltd., for the Iron Ore Transport 
Company, Ltd., Canada; length between perpen- 
diculars 630ft, breadth moulded 87ft, depth moulded 
45ft 6in, draught with summer freeboard 34ft Ojin, 
deadweight 31,100 tons ; designed speed 154 knots ; 
three holds, nine hatchways, twenty wing water 
ballast tanks, four 1000 tons per hour centrifugal 
turbo-driven ballast pumps; two 7-ton and two 
5-ton derricks, sixteen mooring, three cargo and four 
hatch cover steam winches; two SO0kW, 60-c/s 
turbo-alternators and one 150kW_  diesel-driven 
alternator ; one set of Richardsons Westgarth- 
Brown Boveri double reduction geared turbines, 
service power 12,500 s.h.p. at 105 propeller r.p.m., 
maximum output 13,750 s.h.p.; two Foster Wheeler 
boilers supply steam at 600 1b per square inch and 
850 deg. Fah., two Weir distilling plants. Trial, 
December 8th. 

ESCALANTE, cargo liner ; built at Govan by Harland 
and Wolff, Ltd., for Royal Mail Lines, Ltd.; length 
between perpendiculars 415ft, breadth moulded 
58ft 6in, depth moulded to shelter deck 38ft 4in, gross 
tonnage 7790; twelve passengers; three con- 
tinuous decks, five cargo holds, one 30-ton and 
twelve 10-ton derricks, electric deck machinery, 
three 140kW diesel-driven generators, two thimble- 
tube boilers; one Harland and Wolff opposed 
piston oi] engine, six cylinders, 620mm diameter by 
1870mm combined stroke, 115 r.p.m._ Trial, 
December 14th. 


Esso PRESTON, bitumen tanker; built by Hall 
Russell and Co., Ltd., for the Esso Petroleum Com- 
pany, Ltd.; length overall 299ft, length between 
perpendiculars 280ft, breadth moulded 42ft, depth 
moulded 20ft 9in, deadweight 2300 tons, five centre 
cargo compartments, water ballast wing tanks, one 
cargo pump room, two 125 tons per hour rotary 
displacement pumps, steam deck machinery ; two 
150kW turbo-alternators, one 30kW diesel-driven 
alternator ; one triple-expansion steam reciprocating 
engine, 1300 i.h.p., two single-ended, oil-fired, Scotch 
boilers supply steam at 225 lb per square inch and 
500 deg. Fah. Launch, December 14th. 





Catalogues and Brochures 


NEWTON Victor, Ltd., X-Ray DEPARTMENT OF METROPOLITAN- 


Vickers ELectricaL Company, Ltd., 132-135, Long Acre, 
London, W.C.2.—Illustrated booklet describing the “* Monarch” 
diagnostic X-ray unit for radiographic and fluoroscopic work. 
The unit includes a hydraulically operated tilting table providing 
90 deg. angulation in either direction, and a rail-mounted tube 
stand. 

SonpDES PLACE RESEARCH INSTITUTE, Dorking, Surrey.—Booklet 
bringing up to date the story of the growth, organisation and 
services of the Sondes Place Research Institute,”’ including 
details of “Information Services,”’ “ Project Assessment,” 
“Laboratory Research,” “ Pilot Plant Development, ” “ Plant, 
Design and Prototyping,” “ Analysis and Testing.” 

Vacuum Ot Co., Ltd., Caxton House, Westminster, London, 
S.W.1.—Vacuum Technical Series No. 10, entitled “‘ Refrigerator 
Lubrication,” containing chapters covering “Principles of 
Refrigeration,” ‘Compression System Elements,’’ “ Refrigera- 
tion Compressors,”’ “ Refrigeration Compressors Lubrication,” 
and “ Lubricant v. Refrigerant.” 

Duniop RuBBER CoMPANY, Ltd., Hastings House, 10, Norfolk 
Street, London, W.C. 2.—Illustrated brochure describing some 
of the special applications of polytetrafluoroethylene to the 
engineering industry. The brochure includes a list of the forms 
in which this material can be supplied and a table of its physical 
properties. 

CoveNnTRY GAUGE AND TOOL Co., Ltd., P. = Box 39, Fletcham- 
stead, Coventry.—Illustrated the No. 
37 and 47 (Type 1) plain thread grinding machines. The No. 37 
is capable of grinding a thread up to 18in long at one setting and 
No. 47 up to 40in long, each admitting work up to 14in diameter. 

PEGSON, Ltd., Coalville, Leicestershire—Leaflet dealing with 

“ Pegson-Guinard ** flood type irrigation pumps with capacities 
from 44,000 to 220,000 gallons per hour. 

RANSOMES AND Rapier, Ltd., Waterside Works, Ipswich.— 
Publication No. 503 dealing with a tilting mixer for wet or dry 
concrete, mortar, plaster, compo, 

Henry Lees AND Co., Ltd., Motherwell, Scotland.—Folder 
covering a range of wagon tipplers, showing design and manufac- 
ture for varying site conditions. 

Tue BENJAMIN ELectTRiC, Ltd., Tottenham, London, N.17.— 
Folder giving the range and prices of the “ Benjamin ”’ flurolier 
continuous channelling system. 

Epwarp G. Hersert, Ltd., Atlas Works, Levenshulme, 
Manchester, 19.—Illustrated leaflet describing « Rapidor "’port- 
able saw equipment. 

DaLLtow LAMBERT AND Co., Ltd., Thurmaston, Leicester.— 
Leafiet No. 42, dealing with dust control equipment in the foundry 
industry. 





THE ENGINEER 


Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 


Jan. 3ist.—Coventry BRANCH: Technical College, 
Coventry, “‘ Fluorescent Applications,’ J. D. Layton, 7.15 p.m. 

Wed., Feb. Ist. — MANCHESTER BRANCH : Engineers’ Club, 
Albert Square, Manchester, ‘ ‘Lightning Conductors,” 
———N. LONDON BRANCH : “ Queen ae ° 677, Green Lanes, 
Harringay, N.4, “‘ Spot Welding,” C. G. F. ” Aldridge, 7.45 p.m. 
——PRESTON BRANCH : Chamber of ‘Commerce, 49a, Fisher- 
gate, Preston, “ High Frequency Heating in Industry,”’ R. 
Northmore, 7.30 p.m. 

Thurs., Feb. 2nd.—S. LoNDON BRANCH: Half Moon Hotel, 
Broad Green, Croydon, “‘ Atomic Energy,”’ Dr. Hugh, 8 p.m. 
Fri., Feb. 3rd.—LiverPpoo. BraNcH: Liverpool Engineering 

Society, 9, The Temple, 24, Dale Street, Liverpool, “‘ Instrument 
Transducers and their Application to Industry,’’G. R. Polgreen, 
p.m. 


Tues., 


BATTERSEA POLYTECHNIC 
Tues., Jan. 3\st.—Battersea ‘Polytechnic, London, S.W.11, 
“ Control and Testing applied to Electrodeposition and other 
Protective Treatments,’’ E. S. Spencer-Timms, 7 p.m. 


BRITISH INSTITUTION OF RADIO ENGINEERS 


"s, Feb. 1st.—MERSEYSIDE SECTION: Council Room, Chamber 
of Commerce, 1, Old Hall Street, Liverpool, 3, * * Develo ment 
of a Design for an Angle Modulation Radio Link,” 
Spencer, 7 p.m. 

Thurs., Feb. 2nd.—N.W. Section: Reynolds Hall, College of 
Technology, Sackville Street, Manchester, “‘ Design of Battery 
oe Frequency Modulation Receivers,’’ R. A. Lampitt, 

.30 p.m. 


CEMENT AND CONCRETE ASSOCIATION 


Tues., Jan. 31st.—Ministry of Works Building, Ashley Street, 
Birmingham, “ Weathering and Deterioration of Concrete and 
Cement Rendering,”’’ C. Hobbs, 7.15 p.m. 


ELECTRICAL ASSOCIATION FOR WOMEN 


Tues., Jan, 31st.—25, Foubert’s Place, London, W.1!, Caroline 
Haslett Lecture, Miss M. S. Mitchell, 6 p.m. 


ILLUMINATING ENGINEERING SOCIETY 


Today, Jan. 27th.—BaTH AND Bristot CenTRE : S.W. Electricity 
Board, Old Bridge Street, Bath, *‘ Plastics in the Lighting 
Industry,”’ W. E. Harper, 7 p.m. 

Wed., Feb. \st.—EpinpurGH CENTRE: Y.M.C.A. Hall, 14, 
St. Andrews Street, Edinburgh, 2, “ Progress in Lamps and 
ay - = R. Ruff and R. V. Mills, 6.15 p.m.——New- 

‘ASTLE CENTRE : Department of Electrical Engineering, King’s 
College, Gollege Road, Newcastle upon * Use of 
— in Horticulture,”’ D. H. Holloway, 6.15 p.m. edn ah 

Group : S. Wales Electricity Board’s Demonstration Theatre, 
The Kingsway, Swansea, “ Black Light, its Effect and Applica- 
tions,”’ H. L. Privett, 6.30 p.m. 

Thurs., Feb. 2nd.—CarRpiFF CENTRE : 
Demonstration Theatre, The Hayes, Cardiff, “ 
Effect and Applications,”’ H. -L. Privett, 5.45 p.m. 
Centre’: Institution of E nd Shipb 
Elmbank Crescent, Glasgow, C.2, “ Progress in Lamps and 
Lighting,’’ H. R. Ruff and R.'V. Mills, 6.30 p.m. 'NOTTING- 
HAM CENTRE: E. Midlands Electricity Board, Smithy Row, 
Nottingham, “‘ The History of Mine Lamps, * Miss H. M. 
Maurice, 6 p.m. 


INCORPORATED PLANT ENGINEERS 
roan, Jan. 27th—BIRMINGHAM BRANCH: Imperial Hotel, 
“ Industrial Hydraulics,” 7.30 p.m. 

Mon Jan. 30th.—W. AND E. YORKSHIRE BRANCH: The Uni- 
versity, Leeds, “ An Introduction to Atomic Energy,” a. A. 
Dixon, 7.30 p.m. 

Wed., Feb. 1st.—Leicester BRANCH : College of Art and Tech- 
nology, The Newarkes, Leicester, “‘ Staff Location and Time 

** BE. O. Chap 6.30 p.m. 

Thurs., Feb. 2nd.—PETERBOROUGH BRANCH: Grand Hotel, 
Peterborough, “‘ Prevention of Industrial Accidents,”’ T. w. 
Thompson, 7.30 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
To-day, Jan. 27th—FatxirK SECTION : Temperance Cafe, Leit 
Riggs, Falkirk, “‘ Further Thoughts on Cupola Practice,” 
W. Y. Buchanan, 7.30 p.m. 


INSTITUTE OF FUEL 
Wed., Feb. \st. —Institution of Civil Engineers, Great George 
Street, London, S.W.1, “ The — of Nuclear Power 
for Industry,’ "3.L. Gillams, 3. 
Fri., Feb. 3rd. —S.WALES een ag * Wales Institute of Engi- 
neers, Park Place, Cardiff, “ Research at the National Coal 
Board,”’ W. Idris Jones, 6 p.m. 


INSTITUTE OF MARINE ENGINEERS 
Mon., Jan. 30th.—MERSEYSIDE AND N.W. SECTION: Old Sw 
Technical College, Liverpool, “‘ The Construction of the Ship. % 
G. Ridley Watson, 7 p.m. 


INSTITUTE OF WELDING 
To-day, Jan., 27th.—BIRMINGHAM BRANCH: Colmore 
Grand Hotel, Birmingham, “‘ Unusual Welding Jobs, 
Clark, 7.30 p.m. 


Wed., Feb. Ist. MANCHESTER BRANCH : Reynolds Hall, Gollees 
of T , oe Liquefaction of Gases. 


S. Wales oy! Board’s 
Black Light, its 
LASGOW 


14, 








“oe 
” 





of ‘i Webster, 7. is p.m. 

Thurs., Feb. 2nd.—N.E. (Tees-Sipe) BRANCH : Cleveland Scientific 
and "Technical Institution, Corporation Road, Middlesbrough, 
Meeting on “ Productivity,’’ 7.30 p.m.—N.E (TYNESIDE) 
BRANCH: Mining Institute, Neville Hall, Newcastle upon 
Tyne, “ Fabrication of Power Station Plant, ”” W. G. Brown, 
7 p.m. 

INSTITUTION OF CHEMICAL ENGINEERS 

Sat., Jan. 28th—N.W. BRANCH : fy oad Club, Albert 

Square, Manchester, Annual General Meeting, 2.30 p.m. 
INSTITUTION OF CIVIL ENGINEERS 


Tues., re 31st.—Great George Street, ee Le London, 
$.W.1, “ The Pimlico District Heating U; —Costs and 
Financial Resul .”’ Bryan Donkin, C. M. Johnston and Edward 

Ockenden, 5. 30 p 


Jan. 27, 1956 


INSTITUTION OF ELECTRICAL ENG!\EERS 


Tues., Jan, 31st.—JoInt MEETING : Institution of C vil Ep 
Great. George Street, Westminster, London, s.W.1 8% 
Pimlico Distric! Heatin; i ing——Costs and Finan 
Results,” =. Do in, C. M. Johnston and Edyay tal 
Ockenden, EASUREMENT AND ( ONTROL § 

: Savoy Place, Tendon, W.C.2, Discuss 5n on Je 
Design and Use of El lectrical Measuring Ins:ruments ~ 
Aréeous Conditions of Ly youmd apenas by by C. A. Oldham anj 

N. Harding, SCOTLAND SUB- -Cantan 
BK Hotel, Be my * Equipment 
Instrumental acy rdi €p:oduction a 
ye Signals using Cinematograp! Film, ””H. McG, Ross ‘ 

p.m, 
Wet, Feb. 1st.—S.W. ccomane ge Coscens : stitution 
s and Shipbuild Elmbank Crescent, Glaspo. 
a ntoment of ocancar “Accuracy for Recording and 
Reproduction of Electrical Signals using ( emiatograph 
Film,”’ H. McG. Ross, 7 p.m. . 
oy, ek ies 2nd.—ORDINARY MEETING : Savoy P' ice, Londo 
W.C.2, “ The Potentialities of Railway Electrification at the 
ha Frequency,”” E. L. E. Wheatcroft and H. 4. c 
Barton, 5.30 p.m. 





INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 


Tues., Jan. 3\st.—N.E. Coast BRANCH : Institute o/ Minj and 
Mechanical Engineers, Neville Stréet, Newcastle upon yne 
“Gravity Pipe Sizing Extra-Ordinary,”” T. H. F. Holman’ 
6.30 p.m. , 

Wed., Feb. \st.—E. MIDLANDS BRANCH : 
Crafts, Waverley i Notti 
N. Jackson, 6.45 p.m 


College of Arts ang 
Small House : Heatinae 


INSTITUTION OF MECHANICAL ENGINEERS 


To-day, Jan.,27th—GENERAL MEETING IN Consunc TION WITH THE 
EDUCATION GrouP : Three Papers on “ Sandwich Courses." 
D. A. Wrangham, R. McCrae and W. K. Rooney. 5.30 p.m, 

Sat., Jan. 28th.—LONDON GRADUATES’ SECTION : |, Birdcage 
Waik, London, S.W.1, ‘ Naval Engineering,”’ Vice-Admiral 
Sir Frank Mason, 3 p.m. 

Mon., Jan. 30th.—E. MIDLANDS BRANCH, JOINT MEETING wity 
THE DERBY CENTRE OF THE AUTOMOBILE Division Rolls. 
Royce Welfare Hall, Nightingale Road, Derby, “Some 
ee Problems at High Speed Flight.” R. F. Creasey, 

p.m 

Wed., Feb. \st.—INDUSTRIAL ADMINISTRATION AND ENGINEERING 
PRODUCTION Group: 1, Birdcage Walk, London, §.W. 
Discussion, “ Electrical Control of Machine Tools wiih 
particular reference to Electronics,’’ 6.45 p.m. 

Thursday., Feb. 2nd.—N.W. INDUSTRIAL ADMINISTRATION ANp 
ENGINEERING PRODUCTION GrouP : Engineers’ Club, Albert 
Square, Manchester, “ The Production of Motor Car Bodies 
and Similar Steel Pressings,”’ S. Neville, 6.45 p.m—, 
MIDLANDS Grapbuates’ SECTION : Technical College, Lincoln, 

“ Combustion Systems for Gas Turbine Acro-Engines,”’ §, | 
Bragg, 7.15 p.m. 


INSTITUTION OF POST OFFICE ELECTRICAL 
ENGINEERS 
Wed., Feb. \st. ae MEETINGS : 
Engineers, y Place, London, W.C.2, * 
= of Radio. Stations’ Work,’ L. L. Halland S. G. Young, 
p.m. 


Institution of Electrical 
* Civil 


INSTITUTION OF PRODUCTION ENGINEERS 


To-day, Jan. 27th.—S. Watts SECTION: S, Wales Institute of 
Park Place, Cardiff, “ Electro Spark Machining,” 

A. D. P. Tallents, 7 p.m. 

Tues.» Jan. Sis. —LuTon SECTION : 

.”” 7.30 p.m. 

Wed., Feb. \st. pe ecemadloen SECTION : Technical College, 
The Broadway, Dudley, “‘ The Argonaut Welding Process,” 
K. Purdy, 7.15 p.m. 

Mon., Feb. 6th.— HALIFAX SECTION :_White Swan Hotel, Halifax, 
“* Computer Controlled Machine Tools,”’ H. Ogden, 7.15 p.m. 


INSTITUTION OF STRUCTURAL ENGINEERS 


To-day, Jan. 27th.—MIDLAND COUNTIES —y James Watt 
Memorial Institute, Great Charles Stree “ The 
Design of ym Gantries and the pond of Cranes ‘on the 
Tracks,”” P. M. Worthington, 6 p.m. 

Tues., Jan. 31st.—NORTHERN COUNTIES BRANCH: Cleveland 
Scientific and Technica! Institution, Middlesbrough, sa Founda- 
tions, Underpinning and Structural Problems at the ‘ Daily 
en. . London,”’ F. W. Slatter and A. Brown, 

p.m. 


JUNIOR INSTITUTION OF ENGINEERS 

To-day, Jan. 27th.—INFORMAL MEETING: Pepys House, 14, 
Rochester Row, London, S.W.1, “ Principles of Fuel Tech- 
nology,”’ S. A. Danton, 7 p.m. 

Wed., Feb. \st.—MIDLAND SECTION: James Watt Memorial 
Institute, Great Charles Street, Birmingham, Presidential 
Address, O. D. Smith, 7 p.m. 

Fri., Feb. cote House, 14, Rochester Row, Westminster, 
London, S.W.1, Film Evening, 7 p.m. 


S. K. F., Ltd., Luton, 





MANCHESTER ASSOCIATION OF ENGINEERS 


Fri. Feb. 3rd.—Engineers’ Club, Albert Square, Manchester, 
“** Pneumatic Eigndiins of Powdered Materials in the Food 
Industries,’ R. W. Allen and J. W. Farrand, 6.45 p.m. 


MINISTRY OF WORKS 


Wed., Feb. ist.—College of Technology, Salmon Pastures, Warren 
Street, Sheffield, ‘‘ Shell Roofs,’’ R. Jones, 7.15 p.m. 


NORTH-EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS 
To-day, Jan. 27th.—Mining Institute, Neville Hall, Newcastle upon 
Tyne, ‘‘ Nuclear Reactors for the Generation of Power,”’ 
Iliffe, 6.15 p.m. 


ROYAL AERONAUTICAL SOCIETY 
Thurs., Feb. en 4 IN Lecture: Library, 4, Hamilton 
Place, London, W.1, ” "New Ideas in Plastics for Aircraft 
Structures,” J. E. Gordon, 7 p.m. 


SOCIETY OF INSTRUMENT TECHNOLOGY 
Tues., Jan. 31st—MAIN MEETING: Manson House, Portland 
don, W.1, “ Industrial Measurement of Gas Tem- 
perature, ” A.M. Godridge, R. . Jackson and G. G. Thurlow 
.30 p.m. 


WOMENS’ ENGINEERING SOCIETY 


Thurs., Feb. 2nd. BrancuH : Hope House, 45, Great 
Peter Westminster, S.W.1, “ Aspects of Railway Engi- 
neering Works,’’ H. L. Bussell, 7 p.m. 





